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This is a Case of glaucoma, v/ith the usual -well- 
marked ophthalmoscopic appearances. What 
is most remarkable is the peculiar and rare 
emerald-green hue of the disk. (See text. 
pages 2l8 and 232.) 
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Da. E. G. LoRiNG, the author of this work, died suddenly on the 
23d of April, 1S8S, before its completion. It was my original in- 
tention, on fuming the charge of the manuscript tlmt he left, to 
complete it, simply in order to present it in a finished state to the 
public. After a careful reading of it, however, I found that tliere 
was 80 much original matter in it, so nmch tliat from ita very nature 
must provoke discussion and argument, that I determined to pul>- 
lish it as it stood, without addition or correction. This determination 
wae further strengtliened by my flubsequently finding a note-book, the 
contents of which, beginning at the section on Glaucomatous Ex- 
cavation, carry the book practically almost to its close. This latter 
portion Las been added exactly aa it was taken from tlie penciled 
notes; and if the reader miBses tlie elaboration and finish that have 
characterized the previous writings of the author, he must rememlrer 
that it has not liad his final supervision, and that much that might 
have been done for the sake of elegance has been left undone, lest it 
ahonld interfere with the clearness of his expression of professional 
matters, or misinterpret his statements in regard to facts. 

So, too, witli the illustrations : it was Dr. Loring's habit to draw 
these for Jiimself ; and though, wliile most of those called for by the 
text were finished, some were not, and their places have had to Ije 
filled with those from other authorities. The large collection of 
ophthalmoscopic cases that were to have been added as plates were, 
many of them, unfortunately not drawn ; and. as no record of tliem 
has been kept, it has been impossible to reproduce them. 

In conclusion. I desire to acknowledge the obligation, in pre- 
paring tliis work for the press, that I am under to Dr. O. F, Wads- 
worth, of Boston, and Dr. It. II. Derby, of New York, whose life- 
long friendship for the author has been ao fully expressed by their 
kindness to the editor. F. B. L. 

WASniXOTON. D. C, February, ISOl. 
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CHAPTER I. 



THE RETINA. 

Diaturhanci8 in the Vascular System. — Wlien pressure is exerted 
I upon the outside of tlie ball of ttie normal eye, espeeially upon one 
I in whicli previous to such presaure there is no visible movement in 
r the circulation, the eqiiilibrimn wiiieh existed l>etween the pressure 
1 upon the ontside of the vessel and that within is disturbed, and as a 
\ resnlt many interesting plienoniena are observed ; and it will be noticed 
I ^at these manifestations are in direct proportion tf> the amount of 
[ preasnre exerted, and that a return to the original state is also propor- 
l tionate to the rapidity with which the pressure is relaxed. 

"Wlien tlie minimum amount of pressure of the linger is exerted 
I wllich is capable of producing a noticeable effect, it will be seen that 
■this effect is shown first not upon the arteries but upon the veins, and 
[that the pulsation which follows is rhythmical with the action of the 
I heart ; and, what it is most important to observe, that the pulsa- 
l-tion takes place not only tirst but tnost forcibly upon the surface 
■ ■■©f tlie disk, and is most apparent at the poms opticus. When the 
\ ioteB is increased, it will l)e ohserve<l that, although the veins empty 
rtbemselves under the pressure from the centre toward tlie periphery, 
I and thus become smaller and less visible upon and near the disk, 
i nevertheless, the absolute amount of pulsation is not increased 
J pari pangH with the pressure, but, on the contrary, it is lessened, 
I When the pressure is carried to the fullest extent consistent with 
I the safety of the organ, that portion of tlie vein which lies nearest to 
I the disk is completely emptied of its contents, and all pulsation ceases, 
(tB the vessel is entirely collapsed. This pulsation does not cease 
[abruptly, but gradually, from the centre ttiward the periphery, and 
1 be followed just befoi-e it is lost to view for a little way over tiie 
I mrface of the retina. 
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Turning now to ttie arteries, we see that similar effects also take 
place, though the cliaraeter of the pulsations is somewhat different. 
It is niiidi mure rapid and much uiore vivid to tlie eye, appearing in 
some cases ahnost to flash, and the effect of tlie pulsation can be 
traced farther into the retina. It is manifested in tlie neighborhood 
of tile disk by the ordinary collajising aud retilling of the vessel, and 
at a greater distance from the nerve by a slight but still perceptible 
excursion ni the vessel. 

In the mean while important changes have taken place in the calibre 
both of the veiiiH and the arteries. Very little, if any, cliange seems 
to occur under light degrees of pressure, as, for example, such as are- 
just sutEcient to call forth a perceptible pulsation, though the antero- 
posterior curve of the vein as it drops down into tlie jwrus opticus is 
Been to be changed, esiiecially wliere this curve is pronounced. This ■ 
is shown by the fact that the light-streak, or, as it is commonly 
known now, the reflex from the summit of the vessel, has disappeared. 
Tliis is dne in part to the change in curvature, tlirough wliicli the 
rays of light from this portion of the vessel do not return to the 
observer ; and partly, I think, from changes in the fluid itself which 
cause the hlood at l>eing retarded just at this poiut to assume a 
darker color. If the pressure is now increased a little, so that the 
current becomes retarded to a greater d^ree, the form of the vessel is 
seen to undergo a change. The veins become fuller, less flat, or, in 
other words, more cylindrical in shape. If the pressure is augmented 
still further, the veins begin to show a tajjering condition toward the 
disk, and it will lie seen on careful examination tliat they are fuller 
and proportionately larger at the periphery of the field tlian at the 
disk ; and that, even if the pressure is increased to its fullest extent, 
the veins can not be emptied at the jteriphery of the field, or even per- 
ceptibly reduced in size, long after tliey have collapsed entirely and 
become invisible nijon the disk and its immediate neighborhood. It 
must be observed here that it requires no little skill to keep the ves- 
sels under observation while the higher degrees of pressure are ex- 
erted upon the eye, as not only is the patient apt to move the eye, 
but also the relations of tlie details of tiie fundus are much changed 
and obscured. 

It will be seen from this that a pressure on the outside of the walls 
of the veins suflicient to overcome the resistance of the column of 
blood within, while it reduces the quantity of blood near the centre 
of the field, has a tendency to maintain or even increase it at the pe- 
riphery ; or, in other words, the blood is backed up toward the capil- 
laries, l>ecau8e its exit from the eye is impeded or stopped. 
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Turning again to the arteries, we see that the effect of the preBs- 
ur© is manifested in an entirely different way in Bome respects. In- 
stead of tlie arteries becoming fuller and more'cylindrical under a mod- 
erate pressure they become enialler and flatter, and on an increase of 
pressure tliey become suddenly and abruptly invisible upon the disk, 
thongh they still remain risible at the periphery of the field, as if 
in shutting off the supply at the disk the blood which had already 
entered the vessel had been driven onward toward the capillaries just 
as the venous blood liad been driven backward toward them. 

It will have been noticed by the careful observer that in jioportion 
•ae the pressure is increased, the light-streak gets smaller and tinally 
disappears. This is dne prolwbly to two facts : tirst, because tlie 
veaael becomes fuller and more cylindrical, and the curve therefore 
flharper ; and, second, because when the current is retarded or en- 
tirely stopped, not only is the transparency of the wall interfered 
with, but also tlie contents of the vessel in their relations and propor- 
tions are clianged, so that so much light is absorbed that sufficient 
does not return to the observer to produce the light-streak. Or it 
may be that the impediment to tlie circulation cliauges also the nature 
and consistency of the fluid in the lymph-spaces which surround the 
vessel, or that tlie relation lietween the plasmic current and the red"" 
current is clianged so that the fluid becomes more mixed and less 
transparent. Be tliat as it may, it is certain that the disapiiearance 
cf the light-streak upon tlie veins is due to an altered condition of 
the blood in the iv(n#. as is shown by tlie fact that the same tiling 
does not occur in the case of the arteries. On the contrary, the light- 
Btreak becomes broader and broader under pressure, in proportion to 
the diameter of the vessel, until the vessel entirely dieap]>ears. The 
moment the pressure is relaxed and the current re-established, the 
light-etreak returns to the veins. It will be seen, too, that under the 
effect of pressure the color of the blood has changed ; that as the cur- 
rent becomes slower, the current gets darker in the veins and Hghter 
ill tlie arteries. The darker color in the veins is probably due to the 
fact that, as the current is slower, tlie blood remains longer in contact 
with the walls of the vessel; its oxygen is consequently more ex- 
Iiausted in the greater metamorphosis of tissue, and tlie atM^umulation 
■of detritus is greater. 

Tlie lighter color in the arteries is due mostly to the reduction in 
size of the blood -column, and especially in the reduction of the antero- 
posterior or jierpendicular diameter of the vessel. As the bloi>d is 
prevented from entering the eye by the pressure, the vessel becomes 
tter, more ribbon-like, and the color is consequently lighter and 
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tlie reflex broader. This taktw place to a greater degree near the disk, 
Ixicauee the preBsure from anatomical conditions pruHiiK^ee its greatest 
effect at thia place ; bo tliat at the very time that the larger arteries at 
the disk have eoLapsed so that no blood enters them, the smaller 
vesBels near the perijihery uf tlie field still maintain a cuimidorablc if 
not normal degree of fullness, and the color of the blood is therefore 
Bomewhat darker. Here, again, it will be seen — and tJie fact is impor- 
tant enough to bear a giK»d deal of repetition — that while the blood in 
the veins is backed np toward tlie snialler vessels at the periphery, 
because its exit is impeded or stopped, so the blood in the arteries is 
driven forward in them until tlie pressure in the snialler vessels i& 
great enough to resist the increased pressure from without ; and thns 
it happens that in both systems the quantity of blood is greater in 
proportion in tlie smaller vessels than in the larger — a condition 
which is often found in many morbid processes. 

It will finally have been noticed tliat under the pressure the injec- 
tion of the disk — that is to say, its natural rosy color which is caused 
by tlie more minute vessels — becomes paler and paler, until it assumes 
a dead and even whiteness ; and it will be soon seen by the observer 
that it requires a considerable degree of pressure to produce thia or 
any effect upon the color of the disk — or, in other words, that -the 
larger vessels respond much more quickly to the pressure than the 
smaller ones. 

To recapitulate, we find, then, that the priiici[>al changes which 
have occurred are : 

(L) Pulsations in the vessels. 

(2.) A change in the calibre of the vessels. 

(3.) A modification in the brilliancy and diameter of the light- 
streak. 

{4.) A change in the color of the blood. 

(5.) A change in the vascularity and color of the disk. 

Ah these changes are general in character, and as they are not only 
the physical expression of many morbid processes, hut oftentimes the 
key to their character and the explanation of tlieir nature, tliey de- 
serve to he studied somewhat in detail. 

Chunges in the Diameter and Length of the Yesaels. — Changes in 
the diameter of the vessels may extend over the entire system, arterial 
as well as venous, or they may be limited to a single vessel or even to 
a part of a vessel. Thus, both the arteries and veins may be increased 
or lessened in diameter, or the veins Ite decreased in width and the 
arteries remain normal, or, vice verm, the veins may be increased in 
width and the arteries become narrower, which is wtiat usually occurs. 
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TUiB change in tlie calibre of tlie vessel may be dne either to a 
real change in tlio horizontal or iierpendiciiiar diameter of a vessel— 
that is, to an actual distention or contraction of tlie walls — or it may 

' be due ainiply to a change in the form of a vessel. Tims, a vessel may 
appear to lie increased in calibre because it is flatter, the cnrvatiire 

I less, and tlie light-streak broader. On tlie other hand, where tlie per- 

I peudicular diameter is increased at tlie expense of the horizontal, the 
vessel may appear less wide and the light-streak narrower. The for- 
mer is much more common than the latter, especially in the veins. It 
has already been explained that, as a rule, the arteries run more super- 
licially than the veins, and that they are smaller, in about the propor- 

, tion as tliree is to four. While there is this or even a greater differ- 
ence in liealth, which extends to tlie entire system, it is important to 
notice tliat any considerable decrease or increase in a single vessel, and 
especially a part of a vessel, is usually a sign of disease, except when 
it occurs at the poms opticus, where, even in a normal eje, a taper- 
ing of the arteries as well as of the veins may occur {vol. i., p. 69). 




. Oie Diameter of the Veins. — A uniform ii 
the diameter of the entire venous system occurs most frefpiently in 
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irritation or inflaini nations of tlie retioA wliicli liave affected the ' 
walls of the vessel, and wliieli have jirodaeed on the Hulwidvnce of 
tJie inHaniination a state of atony, or a distensible condition of Uie 
wall ; and when this le the case tlio int^reaee in dianivter is nsualljr 
accompanied by an increase in length, which is shown by the greater 
tortuosity of rfie vessels. Tliis condition is represented in tJie lignre, in , 
wliich all the veins are increased in diameter and somewhat in lengtli, 
and the arteries reduced not only in diameter but also in length, or at 
least in their visible lengtli (Fig. 1). Instead of extending to all the 




veins, this increase may be limited to a part of them, as is shown in a 

chrorao-Utliograph of syphilitic retinitis by IJebrcich.* It will be 

eeeii from the drawing, Fig. 2, that the veins in the upt>er half of the 

• " AtlM d'Ophthttlmoscopio." Berlin, 1863 ; Tab. X.. Fig. 1. 
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piettire are much dilated, while tliose in the lower field are very much 
reduced in eize. The increa8e in diameter may be ]iiiiite<i to a single 
The most marked instance of this that I have ever seeu is 




representud in Fij;. 3. This was the result of a Hmited inflammation 
I «f the retina, and a subsequent dilatation of one of the principal 
f veins. The cause of the trouble was attributed entirely by tlie jm- 
fctient to an (tverdose of rjuinine, which he hati administered to himself. 
f The picture was drawn about two weeks after the drug had Iwen 
Elaken, ftiid when most of the inflammatory symptoms had subsided. 
iTlie amount taken was, according to the statement of tlie patient, "a 
{little more than a teaspoonfnl of the powder." (See Plate I., Fig. 1.) 
Tliis increase in the diameter of the veins is most apt to occur as 
rilie result of H]>ecific retinitis, thougli it may occur from any other 
I form of inflammatifin, especially from splenic retinitis, and is then 
ItiBually of a marked, sometimes of an enormous, degree. 

It is very often temporary in its character, and may vary from 

iay to day, or even in the course of a single day. I ha%-e often seen 



c 



10 



TEXT-BOOK OF OPHTHALlIOSCOPy. 



Uiat eongeeted condition of all the Teasels wliioli sometimes accom- 
panies or causes retiniil irritation, especially tlmt i>ceurring in middle , 
or later life, and which is so apt to be followed first hy retinal and i 
tlien by cerebral IiKmorrhage. 

Decrea.se til the DiameUr of the Arteries. — This ia much more] 
eoinnioii than the opposite condition just mentioned, and is d' 
doubt, in part to the contractility of the walls, aided an it is by thoJ 
intraixrular pressure upon their external surface. It occurs in th 
secondary stages of exliaiistive diseases, such as tlie graver forms o 
fever, in Bright's disease, and in many general troubles where thel 
action of the lieart. though weak, is rapid. Here the arteries, be^deaf 
I>eing reiluced in breadth, are al,so reduced in length, and. from b 
comparatively wide at the disk, become rapidly smaller in diameter a 
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they extend into the retina. Hence in some cases they are lost to I 
view much sooner than would seem possible from their comparatively 1 
large size at the poms opticus. In embolism, especially when not com-f 
plete, and in thrombosis and venous obstrnctions, the arteries, though J 
they are narrower, are so near the disk, increasing in size toward I 
the peripliery. This contractetl condition of the arteries is very ' 
marked in some forms of optic atrophy. Fig. 4 is from Liebreich, 
Tab. 8, Fig. v, and shows the contraction of tlie arteries and atrophy ^ 
of the nerve following embolism of the central artery. It reaches, 
however, its greatest height, as 8 nile, in the secondary contraetiona 
which fiillow after iuflammatiuns of tlie retina and optic nerve, as, for 
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the retrogreBsive changes in choked disk, in Bright's dis- 
;lier forms of retinitis in which the tissiie-cliauges are very 
marked, and which are followed by complete atrophy of the retina. 
I have seen cases in the retrogressive stages of inflammation witere 
the veins still maintained a considei'ahle if not normal calibre, and 
t where the arteries were so reduced as to be only distinguishable 
r very near the disk ; and the question at once BUggesta itself how 
t possible for the arteries, in their almost obliterated state, to fur- 
li sufficient blood to produce haemorrhages of such a degree. 
It is certainly curious and at variance with tlie commonly accepted' 
A of intlammatory diseases, that, in most if not all of the intlamma- 
ions of the retina, tlie arteries, instead of being enlarged, are reduced 
1 size, and instead of being increased in length are shorter than nor- 
'., as can be seen by their straightened course. It is only excep- 
y that the arteries are enlarged and tortuous. This may, how- 
er, occur at times, especially in leueocythemie retinitis, where tlie 
IB are at times enonnously dilated and tortuous, as u-ill be seen in 
The narrowing of the arteries may extend to all the branches 
;onfincd to a few, or even to a single branch. Thus, in certain 




B of retinitis, I have seen a single artery run like a fine and tensely 
rawn red t]iread in a perfectly straight course for half the Held, and 
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theti rF«nme its normal size, preeaioabljr throDgli some i 
diough none eonid be detected. 

Wlien the narrowing takee place after inflamnkatory conditions, it 1 
is more marked, a« a rule, toward the nerve iIulii at the peripherj*. so I 
that the ve«M;lti, although narrower at the start, earrv a niiiform diam»> -I 
ter for a longer distance into the retina. 

Narrowing of tlie arteries is often, if not usually, met with in glao- 1 
coma, and tliis is what would be naturally expected wherever the intr*' j 
ocular pressure was increased upon the outer surface of the walla, ] 
Btit what does appear at first siglit a little euriotis is. that the arteries J 
are either of the normal »ize or are reduced in diameter where the j 
intraocular tension is diminished. 

In dehilitating disea^e^ where the action of the Iieart is reduced, 
the arteries are apt to be smaller tlian normal, aa iti atuemia and chlo- 
rosis and kindred diseases. 

/ticreiuie in I.,engih of Ye«»elg. — Remarkable as is the increaoe in 
breadth of the vessels, amounting, as it sometimes does, to double or 
treble the ordinary diameter, the increase in length is even more so. 
For, besides the tortuosity which we commonly see. and which in itself 
may he of a very high decree, the vessels B<»metimeB double Qpoa 
themselves in long sinuous loops, by which the vessel is greatly in- 
creased in length, and consequently the quantity of blood cirenlating 
in the eye at a given time must be also enonnously increased, and this, 
too, sometimes witliout the slightest increase in the intraocular press- 
ure, or any impairment of the function of the organ. 

To what tins extension in the length of a vessel is due is some- 
times difficult to determine. It would naturally be supposed that it ■ 
was caused by some direct imijedunent to the circulation ; but in point 
of fact it is not, and it often exists to a marked degree where, on eeo- 
tion, there are no evidences of pressure upon the \'e86els, or any signs 
of strangulation or decrease in the lumen of the vessel. It may ooeur 
upon all the vessels, or I>e limited to a single vessel or part of a vessel 
It may l>e present or absent in one and the same disease, or appear s 
the first or last sj-mptom of tliat disease. It would seem, then, as if 
the trouble must be due to some inherent condition of the wall of tlie J 
vessel, which caused its elements to yield to the pressure of tlie circa- I 
lation in a longitudinal as well as transverse direction. 

This extension in lengtli of a vessel is usually accompanied by a J 
contemporaneous extension in width, but not always, since the trans- ' 
verne dianteter may remain eitlier unchanged or even become less than 
normal. Thus, in retrogressive changes after violent inflammatory ( 
processes, the secondary contraction may take place to a greater degree ' 
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I in the calibre of the yesoel titan in it« length. It may aldo occur in 
E«ome low-graded Ktid chronic inllaiTiinations, eitch as are present in 
I certain forms of neuro-retinitis. or especially of cliorio-retiuitis. 

As these secondary contractions UBually occur with more force in 

" the larger vessels near the disk, they lose thereby wliat mechanics call 

the " natural diminish," and carry a uniform diameter farther into tlie 

retina, which may indeed be greater toward the periphery than near 

the nerve. 

Thie behavior and appearance of tlie vessels, together with evi- 
I dences o£ A'asculitis and perivasculitis, to he mentioned later, are often- 
I fimee a useful guide in determining whether a present attack has l>een 
I preceded by earlier ones, especially if the abnormal appearances exist 
t in both eyes and there is complaint only in regard to one. 

Thus we see, to recapitulate, that in some conditions both sets of 
I'Teeeels are increased in size at tlie same time, and that consequently 
I the amount of blood in the retina is increased. Secondly, that both 
wttetB of vessels may be decreased in size, and, consequently, tlie amount 

■ of blood in the retina is decreased. Thirdly, that in some of the most 
I frequently occurring inflammatory conditions the arterial supply is 
ETedaced and the amount of venous blood is increased. Fourthly, and 
[.tfua is the rarest of all, tlie arterial blood is increased over that of the 
Ivenona. 

The decrease in arterial blood is shown not only by a decrease in 
diameter, but also by a decrease in length of the vessel, as is made 
apparent by the fact that tlie arteries are straighter in their course, 
and that they can not be followed in the retina as far as is usually 
tiie case ; and that sometimes tliey are entirely lost to view, when, 
onder normal conditions, they would not only, be perceptible but 

■ of considerable size. On tlie other hand, the increase in the quan- 
Vttty of venous blood is shown not only by the greater breadth of 

! vessel but also by its greater length, which is expressed by the 
[ncreaeed tortuosity of the vessel and by the increased visibility of 
nate vessels. 
Variatitma in the Color of the Blood. — Ja^er has expressed the 
' opinion that there is but very little variation in what may be called 
the standard color of venous and arterial blood under physiological 
conditions, and that the slight differences which occur are not due to 
\ tiie color of the blood itself, but to the conditions under which the 
iblood-column is ol)served : that is to say, they are due, when tliey 
!ur, to the quantity and quality of the light, the size of the pupil, 
Sie age of tlie patient, the transparency of the walls, the dimensions 
rof die horizontal and perpendicular diameters of the vessel, and the 
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proportions which these l>ear to em^li othrr. an wt;!! an (lie enlargement 
imdKr which they are seen. 

The writer is of tlie opinion, on tlie contrary, that bcsiiJeH all these 
inflnences, wliich t'ertainly Iiave a decided effect, tliere is even ia 
Iiealth a marked difference in different individuals in the color of the 
blood itself, and that this difference hIkiiiM not be lost sight of in 
estimating the degrees of color in disettse. Tliiis, I have been led to 
believe that the blood in some brunettes waM darker than the average 
physiological blood, and that such persons pitsseseed not oiUy a largec 
amonnt of fixed pigment in their organization, but tliat they had a 
capacity for producing a lai-ger quantity and a deejKjr shade of color- 
ing-matter for the circulating fluid. 

I have, for example, now under my observation a pronounced 
bnmette. with a very dark olive ekin, in whom this effect of a darker 
and rieJier color in the retinal vessels is present to a marked degree. 
The person is in jierfect liealtii, and the pigmentation oi the choroid, 
though rich, is by no means excessive ; and yet the blood in the reti- 
nal arteries is of a dee]>, clear red, approaching a maroon, wliile that 
in the veins is of a blackish red. This would go to show tliat the 
deeper color of the complexion is not simply due in these cases to the 
pigment in the skin, but is caused, in some degree at least, by the 
color of the blood circulating in the capillaries and the smaller ves- 
sels. This would explain why it is that some of these people become 
so deathly jtale under great emotion or in a fainting tuni. 80, too, 
with blondes, in whom it is but natural to believe that with a lighter 
complexion there may be also a lighter-colored blood. 

Be this as it may in health, tliere can be no doubt but that in 
many patliological conditions, marked variations occur in the color of 
the blood : that is to say, the blood may not only l>econie of a lights 
or darker shade of red, but may, to a certain extent at least, alter its 
color. 

When the blood becomes of a lighter or darker sliade of red, the 
variation usually affects both systems, arteries as well as veins, so that^ 
altliough a deiitnte difference in tint is present, the relative propor- 
tion in shade between arterial and venous blood is still maintained ; 
and if the arteries are of a darker color than usual, the veins are still ' 
proportionately darker than the arteries. 

This, however, is not always the case, as it frequently occurs that 
the change in shade is limited to one set of vessels, so that the veins 
may Iwcome tighter or darker and the arteries remain the same, or 
the arteries may Iw darker or lighter and the veins remain the same : 
that is to say. the blood in the vicns niiiv lieconie like arterial blood. 
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or tlie arterial grows darker like venous, so tliat the color in the two 
systems is equalized. 

The greater the perpendicular diameter of the vessel the darker 
I the color ; and, vice verm, the less this is — or, in other words, the 
I flatter the vessels — the lighter the color. This is j>articiilarly well 
Iniarked on the arteries, especially where the intraocular pressure is 
flDcreased. or where the action of the lieart is feeble: tliat is to say. 
' wherever the intraocular pressure is proportionately greater than the 
pressure of tlie blood-column. The quicker the current, the stronger 
the illumination, tlie wider the pupil, and tlie greater the enlargement 
under wliich the vessels are seen, tlie lighter will tliey apjiear. The 
more tlie light is absort>ed by the fundus of the eye, or by tlie tissue 
eurroauding the vessel, the darker the color, and the more light the 
fundus reflects, the lighter the color of tlie vessels, this being due 
probably in tlie former case to tlie reduced and in the latter to the 
, increased amount of diffuse reflection within the eyeball ; and here it 
may be observed tliat ophthalmologists have not usually paid any 
attention to the existence of tliis kind of light and it« effect u])on tlie 
fundus, though it must be present in all cases, and in some to a con- 
siderable degree. There is au exception to the nile that with the 
reduction of light the vessels look darker, which I can not well account 
I for, and that is, that where the vessels, especially the veins, are seen 
I through a diffuse opacity, or a light membrane in the central part* of 
I the vitreous, tliey appear lighter, and not, as would be expected, darker. 
I have tliought that perhaps this might Ite due to a slight infiltra- 
tion into the lymphoid spaces of the vessels which was a concomitant 
of the existing trouble. That this, however, is not always so is sliown 
from the fact that if the patient's eye is turned as far as possible to 
v<one side, and the more peripheral parts of the same vessel observed, 
^e lighter shade vanishes and the vessel comes out in its normal 
»lor. I have seen tlie same thing in serous iritis and low stages of 
l^oroiditis of a glaucomatous type. 

Ab a mie it is in troubles of the general system that lx>tli sets of 
E Teeeels are affected by a variation in tint which in some cases is very 
marked. Thus, all the retinal vessels are of a darker red color in 
Aoee conditions where the blood becomes thicker from an increase in 
L. its solid contents or from a removal of its fluid elements, as for exam- 
l.ple in those diseases which are accompanied by excessive discharges 
I from tlie bowels, as after exhaustive attacks of dysentery, diarrluea, or 
BtSiolera (Graefe, Jaeger). 

The most marked example whicli could possibly be given of an 
e in color of tlie blood in all the vessels is found in those rare 
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cases known as cyaiioeis bulbi. Here, from tnixtnre nf arturial and 
venous blood, from imperfect ox>-genatioii and from retardation of 
the current, tlie blood in tlie arterie« ie usually of a dark maroon red, 
similar to what id sometimes seen in the veins, while the veius have a 
purple nr violet tinge. On the otlier hand, all tlie retinal veeeels 
ap|^>ear of a lighter color when tlie blood is deprived of its normal 
amount of solid constituents, or where there is a chauge in their con- 
dition or the proportions under wliich they usually occur. Thus, the 
blood is of a lighter red in both the veins and arteries in anEBinia, leu- 
cocythiemia, in some cases of chlorosis, and Graves's disease, or wher- 
ever a condition of antemia or hydrseraia ie produced. In some cuies 
of splenic retiiutis the change in the color of the blood is very marked, 
assuming a light orange, a rose pink, or a grayish pink, instead of the 
ordinary crimson red. 

In pernicious ansemia the blood in both the veins and artfiriee is 
in some cases much reduced in color— so much so that in the arteries 
it is often of a pale yellow or straw color, and in the veins much 
lighter than ordinary arterial blood. In one case, which I saw at 8t. 
Luke's Hospital, the arteries looked like yellowish-white bands, and 
the veins, although of larger size, had much the same appearance. In 
some cases, as will l>e seen later, the change is only in the veins. In 
other cases, again, the normal discrepancy is maintained. It would be 
interesting to know what was the cause of this diiferenee in one and 
the same disease. 

There are other cases where, instead of existing in both BjBtems, 
the change occiirs, or at least predominates, only in one. This cli&iige, 
when it occurs, does so principally in tlie veins, so that the color of 
one set of vessels approaches that of the other : that is to say, the 
venous blood becomes lighter and of a purer red, so as to resemble 
arterial blood ; while on the other hand, which is much more rare, the 
arterial blood becomes darker and approaches or equalizes the color 
of venous blood. A darker color of the venous blood, with a normal 
or even lighter color in the arteries, is found in febrile ditfcases of b 
high grade, especially where the action of the heart, though rapid, is 
weak. This increased color in the veins is no doubt due to tlie fact 
that the current in the veins is less rapid, and that here as elsewhere 
the consumption of the oxygen is greater, owing to the greater time 
that the blood is in contact with the walls of the veins, and the more 
wasting character of the tissue-changes which are going on. 

Thus, this disproportionately darker blood occurs frequently in 
certain stages of pnemnonia and pleurisy, and in some cases of aetlmm 
and emphysema. Moreover, in the later stages of these inflammatory 
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tronblee the arteries l>econie lighter than normal, which is probably 

, due to a chan^ in the hluod itself, especially to a reduction in tlie 

I quantity or a change in the form of the red corpuselee. According 

Jaeger, the veiim become darker in asphyxia. 

Tliey are also darker in some cases of inflammation of the retina 

and from dieeaseB in the orbit ; and that the trouble is then purely 

local can be seen from the fact ttiat the increase in color does not ex- 

! ifit in the veins of the other eye, 

A ligliter color of the venous blood, while that of the arteries 
remains the same, is found in certain forms of ainemia, chlorosis, and 
chronic forms of disease of a debilitating character. It occurs very 
commonly in leucocythferaia, ausemia, and kindred diseases. It is also 
found in certain forma of retinitis in which there is a diffuse cedema 
into the surrounding tissue ; and tliat in these cases it is due to local 
ies is shown by the fact tliat in the fellow-eye, in which tliere is no 
I trouble, there is still the normal discrepancy Tietween arterial and ve- 
l nous blood. I have a case now under observation in wliich the veins 
I »re of tlie same liglit shade as the arteries, and can only be told from 
them by their larger size and more tortuous course. There is evi- 
dently a mild state of diffuse cedema into the retinal tissue, es]iecially 
along the course of the veins, and there is no light streak upon the 
16 or arteries. There is no pulsation of the veins upon pressure, 
and only a slight one upon the arteries, which taper at the disk, as do 
[ also the veins. The nerve is ]tale and (edematous, with indistinct out- 
lines; vision is reduced to counting lingers at one foot, Tliere is evi- 
[ dently a disturbance in the circulation, due jierhaps to embohsm, or 
r more probably to thrombosis. The feUow-eye is not affected in the 
[ leoBt, and the normal discrepancy in color between arteries and veins 
I is maintained. 

In ordinary aneemia and in pernicious ansemia also — a disease 
I where the nonnal pro|H)rtion of tlie red to tlie white corpuscles is 
L supposed to be maintained^ — this reduction in the color in the veins 
I is often observed, and a satisfactory explanation of this occurrence 
l,in disorders of a general character is difficult to arrive at. Jaeger 
I asks the question if it can not i>e due to the fact tliat for some reason, 
V not yet understood, the htemaglobin in the red corpuscles refuses to 
I part with the oxygen which it holds in combination, and thus the 
r blood remains arterial in quality in the veins. I have, on tlie other 
[hand, been inclined, at times at least, to look upon this lighter color 
L of the veins a^ a purely local manifestation produced within the eye 
Kitadf, due to the effect occasioned by an altered state of tlie blood 
■upon the walls of the vessels and upon tlie surrounding transparent 



18 



TEXT-BUUK OF OPHTHALMOSCOPY. 



I 



tiBBue of tlic retina, nr Ut an altered and less transparent condition 
of tlio tluid in the perivascular epaccR. Tliat it in not due to an in- 
creased quantity of wliito corpuscles is shown by the fa<!t that it is 
often present where the normal proportion Iwtween white and red 
corpuscles is maintained, as is sliown by the microscope. 

In the atrophic stage wliich follows the more violent forms of 
inflammation of the retina, such as specitic retinitis, retinitiB hfemor- 
rhagica, splenic retinitis, retinitis albuminurica, and that whidi fol- 
lows choked disk, or, in-a word, any form of inflammation in which 
the vessels have participated, not oidy do the veins become smaller, 
but the color approaches that of the arteries, which shows that tho 
transparency of the wall has suffered; and that the effect is really doe 
to the condition of the wall is shown by the white lines along the 
sides of the larger vessels, and by tlie hyperplasia of the connective 
tissue which surrounds them. Also, in what looks like pure and 
simple white atrophy of the optic nerve, and where tiiere is no sign 
of any retinitis, the color of the veins is changed to a lighter hue, 
showing that the wall of the vessel lias participated in the degenera- 
tion, or lias sutfered from some low form of inflammation ; so, too, 
in the sclerosis of the vessel wall wliich accomiianies retinitis pig- 
mentosa and the secondary stages of amblyopia potatorum, and also 
in some forms of atrophy from spinal disease. 

A predominating darker color in the arterial blood, so that the 
discrepancy lietween arterial and venous blood is equalized, is ob- 
served, according U> Jaeger, in some forms of stasis hyperemia. This 
is a ciiange which 1 can not remember to have noticed in any form 
of eye-disease except in cyanosis. 

Dr. Heyl has published, in the '" Transactions of the American 
Ophthal mo logical Society" (1880, p. 54) an interesting case, in which 
the color in the veins was the same as that in the arteries, and whii^ 
he has called intraocular lipsemia, under the assumption that the color 
was due to emulsified fat. " The patient was weak and much ema- 
ciated, and, according to the history of the case, was suffering from 
diabetes mellitus to a marked degree. An examination sliowed the 
white corpuscles to be as 1 is to 84, while that in health is as 1 to 
350 or 400. On pricking the finger a drop of blood would escape, 
having very much the color of a piece of pink coral, followed by 
a thick, whitish fluid of the color and consistency of an oil emul- 
sion. On exaniining this with a low power of 250 diameters a 
few blood corpuscles could be seen upon a dim, misty background, 
barely discernible. Examination with a pt>wer of about 600 diam- 
eters showed the granular nature of tliis background, and exainina- 
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[ tions in various ways left nu dtmht hut that it was fat in a finely 

, divided state. 

" The ophtlialmoscopic examination revealed the folltrwing par- 
ticulars ; The fundus was free from tlie exiatenee or pre-exietence of 
inflammatiiin; the margin of the nerve was well defined, and there 
were no retinal lesions or hiemorrliagic clots. The vessels were all 

I apparently of tlie same color, which may be described as a light 
eaimon color. When the light was thrown directly upon the vessels, 
tlie arteries could not be distinguished from the veins ; by rotating 
the handle of tlie mirror so a* to deflect the light, a dark axis conid 
be seen in the large venous branches. Another curious phenomenon 

I was that the vessels appeared to have about twice the normal calibre, 
"This condition, to which the name lipseniia retinahs may Ite 

[ given, is therefore characterized by the light salmon color of the blood 
which is contained in tlie retinal vessels, and by tlie increased diam- 

' eter of these vessels, and possibly by the very light color of the fun- 
dus oculi— these appearances being due to the presence of fat in al> 
normal amount in Uie serum of the blood." 

If the apj>earanees here described were really due to finely divided 
fat in tlie blood, it would offer not only an explanation of the color 

I in the vessels, but also give evidence for the solution of the cause of 

, the hfemorrhages which sometimes occur in other diseases in which 

I fat is present in the blood, and which then might be attributed to fat 
emboli ; for in a circulation so fine as that of the smaller vessels of 

I the eye the emulsified fat might well combine into fat-globules, and 
se, in the retarded circulation, especially of the veins, and the 
■ slower movement of the plasmic current, might so block the vessels as 

I to occasion a rupture of the wall. It might also explain tlie peculiar 
light color noticed in some cases of pernicious aneemia and not in 
others, and account by it« presence or non-presence for the difference 
which we see in the color of the veins, not only in this disease but in 

I many others. The fact that fat was found in the blood on puncture 
of the finger, and tliat the blood was of a milky hue when taken from 
this locality, is very strong, indeed the strongest, evidence that it ex- 
isted everywhere in the circulation, and consequently in the retinal 
veasels. But still it must not be forgotten that in this case the blood, 
if not really leukEemic was very nearly so ; moreover, it must be no- 
ticed also that all the opthahnoscopic signs were those which may 
occur in pure splenic retinitis, for in this disease we sometimes see an 
enormous dilatation of both veins and arteries, so that the vessels are 
twice or even three times as large as normal vessels. Again, the 
geaerai color of the fundus is not always of an orange hue but may 
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he a pale pink. I }iave at tliis moment a case of 8|)leiiiG retinitis 
imder observation at St. Luke'g Hospital, in which ilie fundus is of & 
pale grayish pink, tlie vessels considerably enlarged, and the arteries 
lai^r than the veins ; the color of the blood in tlie vessels lighter 
than normal, and almost identical in shade in the two systems. 

It must be remembered too tliat we sometimes see a reduction in 
the color of the veins so as to equalize that of tlio arteries in piireljr 
intraocular disease, especially from cedema into the retina or jierivaa- 
cular spaces, where tiie trouble is tocal and confined to a single eye. 

Still, the observation is most interesting and deserves a t-areful in- 
vestigation, not only for the snpposed condition of lipeeinia, but in 
regard to the possible connection of a fatty condition of the blood 
with other etill unexplained processes and apjMjarances, especially 
those of the nature of emboliBin and thrombosis. 

Changes in the- Light-Streak upon, the Centre of the RetlntU Yea- 
eel. — These may relate to variations in breadth, color, intensity, and 
miiformity. The breadth of the reflex varies often a good deal, not 
only in health but in morbid conditions. This is dtie in great part to 
the differences in proportion between the horizontal and jwrpendicu- 
lar diameter of the vessel. It must here be home in mind that tlie 
lumen of a retinal vessel on section is not a circle bnt an ellipse. 
This is due to the fact that the vessels are not completely filled with 
blood, and the veins less so than the arteries. To an inattentive ob- 
server this ellipsoidal character of the vessels is not very apparent. 
But when the attention has been once called to it the vessels seem to 
vary a good deal in their rotundity and flatness, according as they are 
in a state of congestion or emptiness. Thus, in some cases they appear 
to I)e tense and round, and in others flat and ribhon-like, and this is 
especially true of the veins. From this we get tlie general rule that 
the flatter the vessels, the broader the light^streak ; and the rounder it 
is, the narrower the reflex. This Yale has, however, many exceptions, 
wliich would appear to be due to the color and composition of the 
blood and the transjiarency of the surrounding tissue, for the darker 
the blood and the less transparent the wall and enveloping tissue, the 
narrower, or at least the less conspicuous, does tlie light-sti-eak appear. 

The variations in the color of the reflex are not, aa a rule, marked, 
although there are cases which show a considerable departure in 
sliade at least from the normal color, which may vary from a pale 
yellowish straw color to a yellowish white or even to a yellowish pink, 
especially in the veins. Tlie light-streak, as a rule, appears lighter 
in color and more unifonn in character in the arteries than in the 
veins ; and it is more constant in its ap]>carance and less interrupted 
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in its course in the former than in the latter. Its borders too are 
>re clearly cut, and it can usually be traced farther and upon finer 
vessels in the arteries than in the veins. 

Hence we get the general rule that the darker the blood tlie less 
brilliant the light^treak, which is exemplitied in most of the general 
diseases in which we have just seen tliat the color of the blood becomes 
darker in the retinal vessels. 

As the stronger reflex in the arteries is mostly due to tlie lighter 
color of the blood, when the blood in the veins beeoiiie-s lighter, so as 
to resemble arterial blood, the light-streak on the veins also becomes 
more brilliant and equalizes that of tiie arteries. When, on the eon- 
trarv, tlie arteries become darker, so as to resemble venous blood, the 
brilliancy of tlie light-streak is reduced, so that the two are equalized. 

In those eases in which, as we have seen, the blood becomes darker 
in the veins and at the same time lighter in the arteries, the reflex is 
then darker on the veins and lighter on the arteries than normal, and 
the discrepancy in the two is then at ite highest. A marked example 
of this is seen in the effects of intraocular pressure, as, for instance, in 
glaacoma. Here it can be often seen that the pressure increases the 
roundness of the veins by impeding the exit of the blood from the 
eye, which, from the retardation of the current, becomes of a darker 
color. The light-streak is consequently reduced both in size and 
brilliancy. As, on the other hand, the blood is impeded from enter- 
> ing the eye, the arteries are less full, and therefore flatter than nor- 
mslj the color of the blood lighter, and hence the light*treak is botli 
etroDger and broader. This may also occur in any form of disease 
where the arteries are reduced and the veins increased in size. 

Tlie intensity of the light-«treak varies moi-e than its actual color, 
for, while it is usually of a subdued line, it may rise to almost a silvery 
brilliancy. When this is the case it is usually due to light, feathery 
panicles or shreds of comiective tissue, which reflect the light from 
the siunrait of the vessel. That this effect is due ta the wall is shown 
by the fact that the lar^r vessels under pressure still remain visible 
at the porus ujiticus after the blood has been expeUed from them, and 
betray their presence not only from the white, narrow lines which 
mark their lateral boundaries, bnt also by a fine, feathery reflex which 
extends across the entire diameter of the vessel. 

The brilliancy of the reflex must also be affected — either increased, 
decreased, or annulled, by the comparative degree of transparency or 
opaqueness of the wall. 

An altered index of refraction of the wall of the vessel would also 
liave its effect, did such alteration occur ; but, although there is some 
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reason to suppose that Eiicli a tiling may take place in some diaeaeeA, 
notably in Hriglit's diseatte, at-tnal proof of itji oceurrt'iico haa not as 
yet been hirnlBhed. 

Any disturbance in the media iying in front of tlie retina naturally 
interferes with a perfect illumination of tlie bottom of the eye. and, 
inasmuch as tlie details of the fundus will be more or less olisciired, 
the light-fitreak will \te proportionately affected. Still, when even, on 
this account, only a moderately distinct view of the fundus can be 
had, the light-streak on the retinal vessels will be comi>aratively well 
marked, allowance l)eing made for the genera! haziness of tlie media. 
Hut. on the other hand, though the media in front may be jierfectly 
clear, tlie slightest cedenia into the retina will cause the light-streak to 
l)t' much diminifilied, or even to vanish entirely. And this takes place 
even if the oedema is confined to the immediate neighborhood t)f tlie 
vessel, and occupies, so to s^ieak, only the perivascular space. Should 
the wdema be of any extent, the vessels have no central streak what- 
ever, but present a uniform red ap^iearance. Tliis is markedly the 
ease where the mdema is very pronounced, as it sometimes is in em- 
bolism or injuries from blows on tlie eye, or in some forms of acute 
retinitis. 

Without laying too much stress upon it, I have been led to look 
on this absence or presence of the light-streak as a useful and impor- 
tant sign in the differential diagnosis between troubles in the super- 
lying media, especially in the vitreous, and haziness in the retina itself. 

In some cases of overworked eyes, where there has been no other 
ophtlialmtMWopic sign, I luive often noticed a decided diminution in 
tlie brilliancy and size of the light-etreak, or even a total want of it, 
especially in the veins. I have attributetl this to some slight impedi- 
ment in tlie circulation, and a consequent transudation of serum into 
the perivascular spaces or tissue immediately siurounding the vessels. 
I liave seen precisely the same thing in patients who liavo been suffer- 
ing from some affection of the heart, though I have never been able 
to trace this, as Becker does, to the single condition of aortic insuffi- 
ciency. Nor have I, as he docs, attributed this reduction in size and 
brilliancy to the reduced calibre of the vessel ; for I have seen ease-s 
where the light-etreak was entirely absent, even where the vessels were 
abnormally distended, and have then thought it due to the abnormal 
condition of the blood, or of the walls of the vessels or surrounding* 
tissues, which interfered with their usual transparency. 

I have noticed, too, this disappearance of the light-streak in one 
or two instances of what afterward proved to \ie commencing si^para- 
tion of the retina, several days before the actual separation took place. 
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Hie separation corresponding jiretty nearly willi the tracts of the retJiia 
where the light-streak was absent. In line of these cases tlie retina 
readjusted itself and remained applied for siiine three weeks, and then 
finally gave way. In anotliur case, where the line of deumrkation 
between where the light-streak was present and where it was not, in 
all the lower vessels, was well marked, and wliere, too, there was a 
corresponding limitation of the field of vision, no eeparation of tlie 
retina took place, and the tedenia around the vessels, or what was 
supposed to be such from the absence of the light-streak, gradually 
passed off. 

In actual separation of the retina the light-streak is wanting. 

I have also observed that the light-«treak is absent, in different de- 
grees, however, in many conditions in which the vessels themselves 
seem to have suffered from inflammatory action, especially in jwrivas- 
cnlitis, or perhaps inflanunation of the wall itself, and where secondary 
atrophy of the tissue lias taken ])lace, with hypertrophy of the con- 
nective-tJssne elements. Thus the effect is often very pronounced in 
the secondary or atrophic stage of retinitis albnniinurica, in those 
ea«e9 where the vessels themselves seem to have been involved, 
and finally to liave become reduced slightly in size. In these cases 
the light-streak is often very much diniinished, or even entirely 
wanting. 

Precisely the same thing takes place in some cases of retinitis pig- 
mentosa, and oftentimes in tlie earlier stages of the disease where the 
vessels are just beginning to suffer a reduction in size, and where as 
yet the accmnulation of pigment in the retina has not taken place 
to any considerable degree, or even wliere this is entirely wanting, 
„ Moreover, in these cases where the light-streak is absent, it is not nni- 
versally so — that is, hi all parts of the fundus — for it may still be pres- 
ent in all its nonnal dimensions and brilliancy in some places, wliile 
in others it is miicli reduced or even wholly absent. 

Precisely the same thing occurs oftentimes in those curious cases 
of retino-clioroidal atrophy, occurring especially in old peoi)le with 
atheromatous arteries, and where, in different jiarts of the fundus, hut 
UBually near the macula, well-defined regions exist, which show an 
absorption of the choroidal epithelium, capillary layer, and pigment of 
the stroma, to such a degree that the larger vesselsseem to l.>e dis- 
Bect«d out and to stand in vivid contrast with the adjoining parts of 
the fundus which still preserve a normal ap]>eamnce, 

I would say liere that I do not allude at all to the well-known 
atrophic patches seen in choroiditis disseminata, or areolaris, where the 
retina itself is not usually much affecteti, but to tliat condition which 
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Jaeger has descrilted (aiid uf wiiich he hae jjiven two admirable draw- 
ings *) as atrophy uf the pigment layer of the ehiiroid. 

It would appear that this diagnosis is not correct, or at least not 
conipmhensive enough, since simple atrophy of tlie choroidal pigment 
layer never in itself produces any great disturbance in vision, as we 
see in posterior staphyloma, where not only the pigment-layer bnt 
almost tlie entire choroidal tissue has tieen al>sorbed. And in all these 
cases of ordinary choroidal disease, we very rarely if ever see scatoioa 
— never, in fact, unless tlic retina is affected. But in the cases to which 
I allude, and in those wliich Jaeger has figured, we find great die- 
turbances of vision and well-marked scotoma, sliowing that the retina 
is implicated, and it is in such cases tliat directly over and in the im- 
mediate vicinity of these cireuinscriljed patches, the hglit-streak of 
the retinal vessels is often completely wanting. Through the kindness 
of the late Dr. Altliof, I was enabled to present a beautifully marked 
example of this to the New York Opbthalmological Society. In thia 
case, tliat of an old woman of some seventy years, the light-streak 
could be seen perfectly well in some places, while in those parts of 
the fundus corresponding to the atrophic condition of the patches it 
was either very much diminished or entirely wanting. I have also 
seen tliis want of tlie light-streak in some cases, chiefly among old 
people, where there was no other ophtlialinoscopic sign, but where, 
from otlier symptoms, there was reason to believe that the vessels of 
the general circulation were more or less affected with atheromatous 
or amyloid degeneration. 

So, too, in cases of what looks like simjile atrophy of the disk, with 
shallow excavation, I liave noticed this diminution or want of the 
light-streak, and a closer inspection then always reveals the fact that 
the fundus has a slightly hazy apj>earance with delicate cliangee in 
tlie choroid. I have been led to believe, in siich cases, that the retina 
itself was affected, and that the nerve-fibre layer especially partiei- 
patod in the trouble which was so plainly marked in the united nerve- 
bundles in the disk. 

Wliether in the foregoing and similar cases the alwve-mentioned 
absence of the light-streak \ie due to an abnormal thickening of the 
vessel-wall itself or ttiat of the adventitia, or to a slightly (edematous 
condition of the tissue immefliately surronnding the vessel, I am 
unable to determine, but I believe that at times it is due to all 
of them, 

Ckangea in the Walla of tfts Veaada. — Decrease in the transpar- 
ency of tlie walls varies from the merest trace t^-i a complete opacity 
• " IInnil-AilitB." Tivf. ixil. Fig, 97, text p. 165. 
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of the tiesne. It depends usually npon fatty degeiieratiim, bcIctobip, 
perivBaciilitie, or chalky iiifiltratidii. 

Theee dietarlmnces extend into the wall of the vessel, either in a 
regular or irregular manner, and show tliemBelvea either in a granu- 
lar or punctate form, or as longer or Bhorter stripes whieli may follow 
eitlier the leiigtii or breadth of the veesel. They liave commonly a 
yellowish-wlitte or greenish-white appearance, according to the amount 
of connective tissue they contain, or they may l>e of a reddish tinge, 
and this may be carried bo far as to Huggest tlie idea that theee opaci- 
ties are themselves organized. They may occur either s» a general 
disturbance which affects all the vessels, or as a sign of a process 
which is Uznited Uy certain vessels or parts of vessels. 

They usually occur on both sides of the vessel, but oftentimes 
only on one, and as a rule they exist most fretpiently and are most 
etrongly developed on the larger vessel upon and near the disk. 

Tlirough this want of tran8]>arency the walls of tlie vessels are 
rendered more visible, and tlien often show themselves as yellowish- 
white and delicately-marked bands which line each side of the blood- 
column. Those sometimes extend across the diameter uf the vessel, 
which then becomes visible for its entire breadth. Usually, however, 
a fine red line is seen npon the ajiex of the curvature, hut that even 
here the entire breadth of the wall is affected can be told by pressing 
the blood out of the vessel, when the wall becomes visible for its en- 
tire width. 

Sclerotic of the Wails. — This consists in a thickening of the tu- 
nica propia, by wliich, according to Leber, it becomes more honioge- 
neona, of a greater index of refraction, and loses, to a greater or less 
degree, or even entirely, its structural elements. The process has a 
similarity in appearance with amyloid degeneration, but differs from 
it in lacking the characteristic reaction. It attacks principally the 
arteries and capillaries, and to a lesser degree the veins, and causes 
what ia known as sclerotic thickening of the walls by which the Ininen 
of the vessel is much reduced or ohUterated. As the hyaline sub- 
stance which encroaches upon tlte lumen of the vessel is jierfectly 
tnmaparent, the walls tlieraeelves are not rendered any more visible 
than before the process took place, and the existence of the trouble 
ia only to be recognized with the mirror by the reduction of the 
, diameter of tlie red blood-column. 

Sclerosis of the vessels may occur in any form of retinal inrtam- 
L mation, notably in nephritic retinitis, and more notably still in that 
form of retinitis which is accompanied by pigment degeneration usu- 
ally known as retinitis pigmentosa, whether of the typical or a-typica! 
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fonn. Here Iwtli the artcried and vtnim are afftscteil, bo that a ^^rsdual 
decrease in tlio Innien of tlie veseel takes plm-e tlmiugli ilie hyaline 
thickening of tlie wait, hy wliidi the blood-cohimn ia gradually re- 
duced in t'ize until it becomea tbread-Iike in its dimemuons or even 
inijwrceiitiltle. 

This fonn of Bclerosis, or liyaline thickening of the wall, may ac- 
count for an apitearance with the niirmr witieh otlierwise wonld be 
sfiinewliat ditiicnit to explain. We often see in some forms of local- 
ized intianiniation of the retina, and eepecially in cliorio-retiuitis, that 
tho bloo<l-colunin of a vessel which happens to cross or run alongside 
of the iiiHaiiieti portion will Itet-onie markedly narrower as soon afi 
it arrives at tho spot, and will regain its normal widtli again as soon as 
it has passed the afEected district. As the surface of the vessel is not 
whitened at all, and as there are no signs of perivascntitiit, I have 
been inclined to look upon ench reductions in the diameter of the 
blood-column as due to a reduction in the lumen of thfe vessel, espe- 
cially OB no anastumosiB coidd be detected. 

Besides this transparent form of sclerosis, there is a similar pro- 
cess in which the resulting tissue is non-transparent, and which hae 
been described by .laeobson as affecting the walls of the vessels, and 
ginng to them with the ophthahnoseope the appearance of branch- 
ing white lines or cords. The appearances described by JacobaoB 
were observed in a young man in whom there was a tun^or of the 
optic nerve and orl)it of the left eye. The ophthalmoscopic picture 
was principally remarkable for the peculiar appearance of the retiiul 
vessels and the changes which were present u]>on the disk. Those 
pai-ts of the retinal vessels which had become whitened usually lay be- 
tween two portions of the vessel in such a way that there could be no 
doubt bnt that the opatjne and non-ojiaque parts M'ere connected by a 
continuous current of blood. Only the colunm of blood iu the whit- 
ened parts was as much smaller as the opaque walla were broader, bo 
that at times it reijuired very careful observation to recognize the 
thin red lino which represented the blood-column in the centre of the 
vetfsel. The eye was enucleated and given to Prof. RecklinghaiueD 
for microscopic examination, which gave, bo far as tho vessels were 
concerned, the following results i 

The entire wall, in the case of the larger vessels n])on the disk, wag 
sclerosed. The lumen of the vessels, on account of the increaeed 
thicknesB of their walls, was very much narrowed, and here and there 
as it apjieared, entirely obliterated. The branching white cords, rep- 
resenting the retinal vessels, were due also to sclerosis of the walle 
of the same character as that which affected the vessels on tlie disk. 
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Jacobfioti does not think tliis form of aclerogiB nf the vessels diag- 
nostic of HTiy particiUar form of retinal disease, but common to in- 
flammatory conditions affecting the optic nerve or retina. He also 
believes that it may exist as a disea«3 of tlie vessels themselves with- 
out any connection with any other pathological process,* 

That a si-lerosed and whitened condition of tlie vessels of the 
retina may follow as the i-esult of inHainmatitins alwrat the eye, as, 
for example, in celhilitis of the orbit and erysipelas of the face and 
ecatp, I think, admits of little doubt. Thus, I believe that the 
whitened condition of the vessels, as described by Jaeger, Co^;in, 
Knapp, and many others, is in all cases due to vasculitis. Dr. Eimpp 
is, however, of the opinion that, in his case and others, the eonver- 
don of tlie vessels into white cords was not tlie resnlt of an inflam- 
matory thickening of the cimts of the vessels, but an organization of 
thrombi, caused by retarded circulation brought about by constriction 
of the vessels by pressure,! Tlie evidence, however, against this 
view, furnished by the history and oplitlialmoscopic appearances as 
related by Dr. Knapp and others, is very strong, and is in favor of 
an indammatioii of tlie wall itself and tlie subsequent conversion of 
tlie vessel and its entire contents into connective tissue. 

I*erivaseulitis.—Thi6 consists of a hj-perplasia of the oonnective- 
tiesne elements of the external portions of the wall of the vessel (the 
. adventitia) and the surrounding tissue. Nagel's classical description 
of tills aSection, which furnishes one of the most striking of opli- 
tlialmoscopic pictures, is as follows : 

In botli eyes of a young man who had good central sight, but a 
defect ill the field of vision, all tlie retinal arteries and their brandies 
appeared as if transfonned into white strings. One would at first 
aight be led to suppose that all the arteries were empty, and that this 
' general absence of all blood was due to a plugging or compression 
of tlie central artery. A tittle further examination showed, however, 
tliat this was not the case, and tliat the circulation went on undis- 
tnrlied iu the whitened arteries, and that the, white color was due 
simply to a change in the walls of the arteries. The larger branches 
showed in the centre of the white strii>e8 a fine red hue, and some 
few arterial twigs still preserved their natural red ookir. 

The veins, however, acted difEereiitly. and the larger ones, with 
the exception of a general reduction in size, and a trifling niieveimess 
in calibre, remained normal ; and it was only toward tlie periphery 
that tlie single branches with their finer ramifications were changed 

• ■• Archiv Kr Ophth.," Band X.. ab. a, p. IS. 

t '■ Archives of Ophlhalraology," vol. xiii., Plato I, p. 108. 
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into wliite Btrings, or rather tiilies. The pathological change, Uiere- 
fore, seemed to be continued from tlie arteries over on to the veins. 
The retinal tieeae wae, in particular dietrictn, wliich corresponded 
pretty closely to the defects in the field. nntrauBparent and diBturbed, 
and it was oidy toward and licvond the equator that llie choroid 
coidd tie seen with the normal cleamesn. Numerous punctifonn 
litemorrhagea were scattered alH)Ut in the dise^tteil parts of the retina, 
in close groups about the offshoots of the single liraiiclies of the veins 
which were more numerouB tlian normal. 

The optic nerve was covered liy a protruding mass of glittering 
white color, which o(«rupied the middle of the papilla. Upon the 
disk of the right eye there was a red spi^t. wliich, upon closer exami- 
nation, proved to be composed of strite and minute dots, closely 
arranged together. These were evidently vessels of new formation 
in the surrounding mass. 

Under mo<lerate compression of the globe the red color of tlie 
spot faded away, and returned again on relaxation of tlie presenre. 
On the left disk, where the vessels of new fonnation existed in a 
less degree, the single loops could be seen distinctly. " The growth 
of these vessels could Ije followed for weeks at a time. The prog- 
ress of the disease was a gradual but jjrogressive one. Tlie defect 
in the field of vision increased very gradually. The central vision 
was good, except that in the eye, where the defect in the field ex- 
tended close up to the macula hitea, it was somewhat affected. The 
general health was good and tlie heart sound, and there was no sign 
of any commencing central lesion. 

The disease was looked uiwn by Nagel as a slowly progresmng 
and inflammatory process, which, l>eginniiig as an hypertrophy of the 
connective tissue of the walls, extended from them to the connective- 
tissue elements of the retina, and which from the arteries passed 
through the capillary system to the veins. 

In conchision, Kagel jwints to the analogy which exists between 
this condition and certain [laralj'tic affections of the nerve-centres, and, 
wliicb have been shown to liave as their jtoint of origin a aimilAr 
morbid process in the walls of the vessels ; and especially does he refer 
to a case of gray degeneration of the brain and spinal column re- 
ported by Rindfieisch, and to a case of acute insanity by Jjeidesdorf.* 

It is certainly interesting to bear in mind in this connection, 

though I have never seen it stated elsewhere, that in certain forms of 

atrophy of the Optic nerve, both of the gray and white varieties, we 

oertainly do see a change in the walls of the retinal vessels, as indeed 

• Zeheniier, 1S64, p. 394. 
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we do alsp in Boine fomie of amblyopia which liave liitlierto Iieen set 
down a« due to retro-biilbar neuritlB, as, for example, in amblyopia 
potatorum. Wlietlier the trouble originates as a. disease of the wall, 
(ir whetlier the i^hangOB in tlie wall are secondary, is a matter still to 
be determined, but it is certainly one of great interest in connection 
with the nourishment and atrophy of nervous tissues, 

N^el closes his description of the case with the opinion tliat the 
tme nature of the disease will have to be detennined by further ana- 
tomical examinations. 

Shortly after tliia, Iwanoff publislit^d the results of a case the 
microscopical details of which were as interesting and have remained 
afi permanent to this day as have the ophthatmoscopic appearances 
first detailetl by Nagel. 

Iwanoffs investigations were made upon an eye which had been 
penetrated by a foreign body, and which had been enucleated by 
Wecker on account of s^inpatlictic trouble in the fellow-eye. 

On opening the eye, tlie papilla appeared to be much swollen. 
The retinal vessels from the entrance of the nerve up to the ora ser- 
rata showed themselves in the form of white tubes, which contrasted 
slightly with the Iwckground of the retina, which was somewhat dis- 
turbed. These alterations extended aa well to the smaller as the 
lai^r vessels, and were present upon the venous as well as the arterial 
branches. Under inspection with a magnifying-glass it was observed 
that the changes, while still persisting, became gradually less in degree 
toward the periphery, and that the greater vessels in the neighborhood 
of the nerve were not all equally affected. Some of these latter 
were thickened to double their normal calibre, and appeared as per- 
fectly opaque stripes, winch at various parts of the retina protruded 
to a moderate degree alwve the level of its surface, while the others 
■were only moderately thickened. The disk was swollen and oedema- 
tons. The swelling was not limited strictly to the papilla, but ex- 
tended somewhat into the surrounding district. The increased thick- 
ness of the papilla was catised chiefly by an hypertrophy of the ctm- 
nective tissue of the stroma and the vessels, wliich had become twice 
as thick as uonnal. The oedema was due to an exudation into its 
parenchyma. 

The microscopical examination showed that the entire connective 
tissue of the stroma of the retina was thickened. All tlie retinal ele- 
ments were separated from each other, and were surrounded by a par- 
enchymatous exudation, the ajipearance of which, as a rule, denotes 
the earliest stages of an acute inllammation of the retina. The 
, changes in the vessels were out of proportion to the moderate degree 
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of trouble in the nervous and connect! ve-tiseiie eleineiite. Tlie lumen 
of the vessel was not enfriMW-'hod up»ti, was indeefJ entirely unchanged, 
and v.'as well iilled with blood-(^or[>uscle6 in a good etate of preserva- 
tion. Tlie endothelium of tlit* inner surface could hardly be called 
Btrictly nonnal, Tiie middle layer {and this is a most important 
point) appeared perfectly nonnal. The entire pathological process 
was concentrated chieliy upon the outer covering of the vessel. The 
connective tissue of the adveutitia was coTiverted into a dense luaas of 
nuclei, which were surrounded by an extremely thin layer of proto- 
plasm, and which lay in a network of excessively delicate fit)re8. 

Upon the nerve these nuclei surrounde<i the vessels upon all sides 
in series which varied from ten to twelve deep. The ditferenee be- 
tween the l>ehavior of the arteries and veins in this region could be 
readily seen ; for, whereas the mass surrounding the arteries consisted 
of five or six layers of nuclei, that around the veins was made up of 
only two or three layers. This distinction eonhl not be followed out 




in the retina pro]icr so accurately as upon the disk, as in the retina 
some arteries were found which were nearly normal, wliile, on the 
other hand, there were veins which were surrounded by ten or 
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twelve layers of nuclei. The capilkry vessels also participated in tlie 
trouble, tlion^h not to so marked a degree. Tliere was evident pro- 
Ufemtion, however, as there was an increased quantity of nuclei. 
Still, the proliferation hero never amounted sufficiently to form an 
unbroken layer rotmd the capillary vessel, Jaeger, however, fur- 
nishes a pieture (Fig. 0) in which a lioe network of white lines was 
seen in diifercnt parts of the retina with the ophthalmoscope, and 
wliich Mauthner, who also saw the ease, thought must he due to a 
hyperplasia of tlie adventitia upon the ramifications of vessels wluch 
were of too small a calibre to be visible under normal conditions. 




Fig. 7 is from an article on thrombosis and jierivasculitia. by Dr. 
George C, Harlan, who gives the following description of the oph- 
thahnoscopic appearances : 

" Tliere was no light-perception in the eye. The media were 
clear. The ophthalnioticope showed hseniorrhages scattered all over 
the retina ; none uf them, with two or three exceptions, at all dense. 
Some were striated, and extended in long streaks by the sides of tlie 
veeeela, were found at all the bifurcations, and in a few spots con- 
cealed the vessels. Others were in large, rounded, faint patches, 
with difficulty distinguished from the surrounding fundus. At the 
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macula there were three groups of white spots iinbe<l(led in dark 
pigment. The dink wftB opaque-1 coking and snow-wliite. ite margins 
shgbtlj blurred. One thread-like arteriole, arising iitdepeiideutJy 
near the eentre of the dink, and ptu^^iug upward abont two disk 
diameters, contained red hhwd. With tliis exception, all the retinal 
veeeels, both arteries and veins, were converte<l into wliito Ijands and 
lines, appearing tis if niarkeii tint with chalk." 




Fig. 8, given also by Dr. Harlan by way of conipariaon, "is that 
of a negro woman, beyond middle age. partially blind for a long 
time, with no definite history, but wiUi evident marks of extensive 
intttuienlar inflammation. Tlie right eye wae quite blind, with wide 
and firm posterior synechije of the iris and dense inflammatory cata- 
ract. In the left eye, V. = -^. There were several slight syne- 
cliiie. the lens wae liazy, obscuring biit not concealing the fundus, 
the disk v/as jrnle. and there was a pigmented choroidal atrophy at 
the macula. A large artery ruimiTig almost directly upward was 
completely converted inlw a white, chalky-looking band, witli some- 
what ragged margins and of varying width. There was no red 
blood seen in it from its entrance fin the disk to the fartliest point 
to which it could Iw followed. In two smaller arteries passing down- 
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ward tiie red color was replaced in parte l»j irregular segments of 
tiiti Bantc wliitG appearauce ; aud there were some smaller patciies ou 
one of the large veins. On this dead-wliile ground were soattered 
numerous ecintillatiiig specks, which looked like crystals of eholes- 
terine." * 

Inaemuch as tJie process concentrated itself almost entirely upon 
tlie vessels and tlie tissue iniinediately surrounding them, and consisted 
of an enormous proliferation of the nuclei of the adventitia, Iwa- 
nofE proposed the name of perivasculitis, and by that name it has been 
designated over since. When the trouble is either confined to or pre- 
dominates in the arteries, a further distinction is sometimes made by 
some anthors, who then speak of periarteritis. Under the title of 
general periarteritis in a case of chronic renal disease. Dr. Mules re- 
ports and gives a drawing of a case in which tlie branches of the arte- 
rial tree over the whole area of the retina had nearly twice their nor- 
mal width, and resembled a series of snow-white cylinders, unrelieved 
by any red color, except that here and there in the secondary and ter- 
tiary divisions a slight interruption in the opaque sheath allowed dots 
of red to be seen, showing tliat the blood-current state persisted. f 

Wedl has also descrilied, in his " Atlas," a form of perivasculitis 
in the principal branches of the arteria centralis. lu this case, just a% 
in that descril>ed by Iwanotf. the Inmen of the vessel was not en- 
croached upon. The mass consisted of very fine nuclei, with the 
brilliancy of fat, aud was looked upon by Wedl as an atheromatous 
degeneration of the arteries. J 

I am not aware that atheromatous degeneration has ever l)een as 
yet diagnosticated with the mirror. 

Chalky Jnjiltratiun of the WidU of the Yeasda. — This may 
reach to such a degree that sometimes in chronic infiammationa tlio 
entire wall presents the ap|>earance, under the microscope, of rigid, 
wldt«, opaque cylinders. Fatty degeneration and calcification of the 
walls of a pronounced degree must therefore be accom{>anied by suf- 
ficient opacity to render them visible with the mirror so that they 
could be seen in such conditions as renal and other fonns of retinitis, 
especially those of a chronic type. But I am not aware, however, 
that the white appearances which would naturally be produced by 
Oftlcareous deposits have even been certainly differentiated from tlie 
mmilar appearances produced by vasculitis or some of the forms of 
fatty degeneration and sclerosis. 
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III all these formn of Bclerosia or [wrivat^uIitJB when a veatv] pre- 
seuts a whitened mirface wliicli ext^iulH acnies itn entire diai>iet4?r it i& 
Bometiuiee extremely tlifllcult to tell whether the lumen h encroached 
upon or not. If the changes are limited tn one part of the vetisel, so 
that tlie red current can t>e [leen botli above and lielnw the whitened 
space, then the vessel is patulous, and tliat it is can be further proved 
by tlie fiK-t tliat the vessel iMX'ornes blanched under pressure, and tliat 
the red eolunin returns both above and below as soon as the pressure 
ie removed. I am [larticular in mentioning tliis, as I ean not help 
thinking that the masking of a vessel by surrounding tissue, especially 
when the part of the vessel thus concealed is of small extent, has led 
• to the erroneous conclusion that the calibre of the vessel was reduced, 
or that it was completely elose<l. A further means of ascertaining 
whether tlio current was passing through the vessel has l»een jiroposed 
by Nagel, and consists of throwing the image of the flame not directly 
upon the crown of the vessel, but a little to one side. The light in 
this way is reflected somewhat behind the vessel, which the observer 
tlien sees by transmitted light, and if tlie opacity is not too dense, tlie 
red color of the blood-column is seen through it.* 

To tliis method may l)e added that proposed by Liebreieh. If the 
lessel is not changed for its entire length, the obser\'ation is to be 
faatened uihhi a part which is still red, and the contours of the vessel 
followed along from tliis part. If the vessel is not carrying bl'X)d, 
the 1n»nlers of the white portions are continuous or flush with that of 
the red. If, however, the white, band-like formation is due to an in- 
crease of connective tissue of the adventitia, the whitened portion 
of the vessel then appears thicker than tlie red, its borders less well- 
defined, and more feathery in ajijiea ranee. 

To recapitulate briefly, we see that inflammation of the walls may 
occur mider three princii>al forms: Firstly, a transjiarent infiltration, 
which, in spite of it« transparency must be looked ui)on as a scIeroBia, 
as it contains a large quantity of connective tissne. Secondly, a noa- 
transparent form, in which the entire tliickneas of tlie wall is aSected, 
' so that the vessel gives the appearance of a white cord when viewed 
with the mirror, but one in wliich the outside dimensions of tlie ves- 
sel are not much if at all greater titan nonnal, but which upon section 
may show, as does the transparent variety, a great reduction in ita 
lumen or a total occlusion. Thirdly, a form where the process is 
concentrated chiefly ujxm the outer envelope of the vessel and the 
surrounding tissue. In this form tlie vessels appear to be much en- 
larged externally, while the lumen is very little or not at all affected. 
• Zt'lipniler, 18«4. p. 400. 
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Tliese morbid proceeaes may for convenience be designated under tlie 
general heading of vaseniitiB, witli a, furtlier discrimination into arte- 
ritiB and periarteritis, phlebitis and periplilebitis. 

The more extensive fonns of the troulde, in whicli all or the 
greater part of the vessels vi both systems are affected, are compara- 
tively rare. Moditied degrees of the same trouble — that is, where a 
few of tlie veeselfi or a single veBsel or jiarts of vessels are affected^ 
are exceedingly common, and are found, or may l>e found, in every 
form of inflammation which attacks the retina, either as a eouBequence 
of such indaimnation, or as a primary affection of the substance of the 
vessel itself. 

Vf«selji of JVew FormaHon. — Strictly speaking, vessels of new for- 
mation are very rare, either upon the surface or witljin tlie substance 
of the retina itself. That we often see an increased vascularity in tlic 
retina under disturbed conditions, especially upon and about the disk, 
iH undoubtedly true, but it is extremely difficult to tell whether this is 
dne to an actual formation of new vessels or simply caused by the dis- 
tention and extension of vessels which Iiad already existed, but whicli, 
l)efore the disturbance of the part, were too small to Ite visible with 
the mirror. The evidence that it is due to the latter and not the for- 
mer is very strong : firstly, because the so-called vessels of new forma- 
tion run in the same direction and have the same general plan as the 
original vessels, and very seldom, if ever, run toward a common centre 
or focus, cxcL'pt in the case of new growths, when they form a very 
important diagnostic mark ; secondly, we very rarely, if ever, see these 
vessels of new formation in those cases in which it would naturally bo 
supposed tliey would l>e most likely to occur — that is to say, in the 
effort to establish a collateral circulation. Thus, in emlwlism or 
tlu-oubusis, no one has yet seen a well-established ana^itomosis of 
Tefisels, or any imdoubted evidence of even a {collateral circulation, 
either carried on by newly-formed vessels or by extension of those 
wliicb pre-existed, I do not mean to assert by this tliat vessels of 
strictly new formation do not occur, but only to point out the exceed- 
ing rarity of their occurrence in comparison with increased visibility 
of vessels which already exist, but which are too 'minute to be seen 
with tlie mirror. That these newly-formed vessels (Kx^ur in ItKralized 
and circnmscrilied spots is also true. Thus Nagel, in the case already 
referred to of [>erivasculitis, mentions the fact that a congeries of very 
ininnte vessels existed upon the disk of one eye, which were eo minute 
and so thickly congregated together as nut to lie recognized as indi- 
vidual vessels, while in tlie other eye, where the process had not ad- 
vanced 60 far, individual loops could be discerned, I liave myself 
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seen precisely tlie sauie tiling in a case uf iieuro-retiiiitis of s, low fnrtii, 
where, Tipon the outer ]j(irtitm of tlie diak, tliere was h round, ill- 
detined reddieli spot, whlcli waa shown to consist of a collection of 
minute veaeele, from tJie fact that, under a very modemte pressure, 
the g^t became blanched, and regained its rosy-red color as eoqii as 
the pressure was relaxed. 

Vessels of new formation may also occur in some forms of retinitiB, 
and are then usually distinguislied by two characteristics : firstly, that 
the vessels are usually very tine and carry the same diameter for long 
distances, with little tendency toward tapering ; and, secondly, tliat 
they almost always show a marked tortuosity, often {jamsing into cork- 
screw convolutions. In a case of retinitis in a young man, which was 
under oltservation for over two years, and which was accomj>anIed by 
repeateil — almost innumerable — hatmorrliages into the anterior parta 
of the vitreous, there was a most remarkable development of newly- 
formed vessels, which presented both (jf the characteristics men- 
tjoned above. From one of tlie temporal branches of tlie inferior 
vein a vessel ran for i^uite a distance, doubling and twisting ujHm itself 
in small spiral convolutions, until it finally arched around the macula 
hitea. This vessel was met by anotlier of precisely the same character, 
which proceeded from the upper temporal vein, and which arched 
downward until the two vessels seemed to join each other in a series 
of minute corkscrew twists, beyond and a little above the yellow spot. 
Finally, newly-formed arterial tivigs, of the same tortuous cJiaracter, 
developed themselves and gradually extended in length. They were 
so fine, and of so similar an appearance with the veins, as only to be 
distinguished from them with great difficulty. 

Sometimes in glaucomatous excavations of tlie nerve we meet with 
vessels of new formation, which may be so fine and occupy so much 
of the fliwr of the excavation an to give the impression that a hiemor- 
rhage has occurre<i. I have had for a long time under observation, a 
case in which tlie convolutions of tlie vessels were so tine, and so 
closely pat^ked together, that I should certainly have Iwlieved the ap- 
pearance to be due to luemorrhage, if it had not been for the fact thi, 
in the other eye, in which the process was not so highly develojied, 
the scjiarate twiga of the vessels could be detected. Moreover, the 
spot liecame blanched upon pressure. 

Another curious case also occurred in my practice, wnich at tirst I 
was inclined to look ujwn ua isolated aneurisms occurring in different 
parts of the fundus and upon different vessels. The jiatient at the 
time was suffering from diabetes, and tmth eyes exhibitef^l signs of a 
mild fiit-m of retinitis. This was more marked in the left eve tlian in 
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the rigbt, and there were a few spots of fatty degeneration near tlie 

I macula. But the remarkable point in view was the peculiar appear- 

I ance of the smaller arteries and veins, upon wliich were clustered iso- 

; ialed and nearly perfectly round formations, looking very much like 

' currants u[>oii a ntcm. They were very regular in shape. 

It waH hard to decide what the peculiar bodies were, and htemor- 
rhages certainly suggested themselves, but this idea was given np, be- 

I cause the fiirniations were inuoli too regular in shape and boundary, and 
were of a more delicate and transparent character, with a livelier color ; 

I and, moreover, they did not alter materially in shape or color for tlie 

I space of over two months during which time tlie patient was under 
observation. I finally came to the conclusion that these circumscribed 
red spots were not aneurisms or ecchymoses, but were due to conge- 
ries of very minute vessels which were too small and too closely woven 
together to be seen individually as vessels, under the nuMlerate en- 
largement furnished by the mirror. I was further strengthened in this 
opinion by caUing to mind that Von Graefe had many years ago 
reported a case wliere on section of the eye he had diiscovered some 
round red spots in the retina, which in tlie beginning he had taken 
for ecchymoses, but which later proved to be made up of loops of 

■ vessels of the moat minute description. With a simple magnifier they 
Appeared like little clumps of red mold upon the surface of tlie 
retiiia ; but under a somewhat increased magnifyuig power (twenty 
diameters) they were seen to be com- 

V posed of convolutions of infinitely 

' fine vessels, which projected to a 

[ slight degree above the level of the 

I retina. They were distinguished from 

I ecchymoses by tlieir more delicate 

I color and their more circular form. 

1 Graefe looked upon their presence as 

' pointing toward the fonnation of a 
collateral circulation. Fig. 9 repre- 
Bents the api>earHnees aa given by 

Oraefe, under an etilargement of twenty diameters," "When I saw 
my patient a year after this, these round, cherry-like spot* had en- 
tirely disappeared. I have Iteen particular to go into tliis detail eon- 
eeming these spots because 1 have at various times seen similar 

I formations in single examples, but never to the same degree. 

Vessels of new fonnation are very common in morbid growths 

[ which occupy the tissue of the retina, or wliich protrude from it intfi 
• " ArthiT rOrOphtb.." Band i., Ab. I., p. 381. 
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tlie vitreouB. They are often of great diagnostic value, and will Iw 
dwL'lt ujM)!! further under the heading of morbid growths. 

Anastoraotua of tlie retinal vesseb, either witli each otlier or with 
thtyme of the elioroid, is also very rare, and the following cttse, repre- 
Benttjd by Fig. 10, is ineerted here becaiiee it is the nioet perfect and 




the most evidtJiit cxanii)le of both the above conditions which I 
have yet seen. It occurred in the eye of a middle-aged woman wlio 
had lost the left eye in early childliood, which had atrophied to a 
mere button. I'ntil about four months before visiting nie she had 
had no trouble from her right eye, when she was attacked with all 
the rational signs of acute glaucoma, which passed after a time into a 
chronic condition, froui which she was still suifering, though in a 
reduced degree, at the time of lier visit. 

As the patient was suffering a great deal of pain, and aa the na- 
ture of tlie disease was very apparent, althougli no ^iew of the fundiu 
could l)e obtained on account of the troubled condition of the media, 
iridectomy of the right eye, with removal of the atrophied bulb of the 
left, which vras also inflamed, was performed at once. The vision in 
the right eye was so bad before the operation that only an intensely 
bright light could be |)erceived. After the o]>eratiou, however, vision 
finally improved so nuich tliat the patient could go abroad, and count 
lingers, la a good light, at iea feet. 

The media cleared up, so tiiat a perfectly good view of the fundus 
could be obtained ; and the Hgiire represents the ophthalmoscopic 
appearances three montlis after the operation. 
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As will Ite seen, tlie nerve was deeply excavated, and preaeuted in 
all respects tlie classic picture of glaucoma. A deep-gray upacity in 

, the retina extended from tlie outer edge of tlie optic nerve to tlie 
macula, which appeared as a blackish oval spot. Through this gray 

I opacity, and owuiij-ing a part of the retina usually free from veeeela, 
ran a branch from one of the principal trunkg of the central artery. 

I Tliia vessel waa of a considerahle size, and pursued an exceedingly 




tortuonfl course, twisting in and out in a remarkable manner, till it 
finally doubled on itself, returning nearly to where it started fntm, 
and tlien passed out of riew in the extremity of the field. In alntut the 
center of the convoluted part tliis arterial bmnch was joined by a short 
trunk of about an etjual or a httle larger calibre than its own, which 
I seemed to come up in a sort of rounded, ai-eh-like projection from some 
' Teasel lying in the deeper tissues either of the retina or choroid, and 
by means of which tlie size of the tortuous vessel was increased, not 
only at the point of juncture, but also for quite a distance Ix-'yond. 
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Fig. 11 reprt'sents not only an anaetoniosis of the veasek, but what 
would apjiear to be a l<x»Hze(l collateral eirciilatioii. It is the only 
eafie of the kind I liave ever seen. It occurred in a young man who 
was Buffering from retinitie syjiliilitiefl, {Soe Plate I., Fig. 2.) 

There wae an extensdve hsBinorrhage, as will he seen from the draw- 
ing, which nearly covered the entire disk. In tlie upper and outer field 
there was a large, yellowish-whit* plaque over which ran a mesh of 
vessels whieli evidently coram niiica ted witli each other. There was no 
elevation of the surface, and I looked upon this plaque as probably 
the remains of a blood-clot which was in process of vascularization. 

Vfsifl^ ofA'ew FormatUm in tjie Vitreous. — These, too, although 
comparatively rare of themselves, are not of such rare occurrence, it 
would seem to me, as writers have been in the habit of alleging. 
When the \-itreoufi liumor is clear, tliese vessels produce a most re- 
markable and beautiful picture, and thus give the idea, as the retina 
does not seem to l)e much if at all involved, tliat tliey are independ- 
ent and primary productions, especially as they extend far into the 
vitreous, and have no visible or at times only slightly risible attach- 
ments and supports in tlie shape of a delicate web of connective tis- 
sue, which is often so thin as to esca|>e detection, except under the 
closest inspection. 

These vascular membranes are eridently of an inflammatory ori- 
gin, just aa tlie non-vascular ones are, and owe their commencement 
to floine form of retinitis in which the adventitia of the parent veseela 
or the surrounding connective tissue undergoes a hyperplasia, and then 
iMicomes vascularized. Leber has suggested the idea that the point of 
origin of these membranes may be repeated hiemorrhages, which in 
time Ijecome organized. The inflamraatory action which accompanies 
the formation of these vessels may be of a low or high degree, and, 
if of the latter, the vitreous in the beginning of the attack is dis- 
turbed. The ritreous may subsequently become perfectly clear, and 
then tlie vessels are seen in all their sharpness, forming a beautiful and 
most striking picture, and one which it is almost impossible to rep- 
resent, even by the aid of the most faithful and skillfid delineators. 
1 have seen cases in which the vessels seemed to extend forward to- 
ward tlie observer like branches of coral in a perfectly transparent 
fluid, with here and tliere a feathery membrane connecting different 
branches. In another case the main branches, soon after leaving the 
retina, dirided up into minute smaller twigs, which then looked like 
the loops of a returning cireulation, and gave the appearance of a 
short, thick, red fringe as it moved to and fro with the varying move- 
ments of the eye. The vessels were evidently venous in oliaracter. 
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Cocciua mentions a Bimilar case, in wliieli the projecting vessels were 
connected partly witli venous and partly with arterial tw-igs. Fig, 13 
is a drawing from a clironio-lilhograpli wliich ac»!ijiu]jamea the report 




of a case of nyphilitic retinitis by Nettleship, which is briefly as fol- 

Mlowe : John K , aged fifty, was admitted at St. Thomas's Hospital, 

AugOBt, 1883. A year previous to this the patient had a chancre, fol- 




lowed by well-marked secondary syinptoms. Vision had Iteen failing 
-for tlie past seven months or more. In the left eye there were opacities 
I in tlie vitreous, with an extensive and protruding detacliment of the 
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retina. In the right eye there was a close nieeliwurk of vessels on the 
onter mdc of the disk, and another sniall pat^li of veweln on tlie inner 
side. There wei-e liieumrrliages at tlie ma<iula hitea and at the periph- 
ery of the fleld. A little later a liat, transparent and vascular mem- 
hrane iriade it« appearance, attached tu tlie oiiter Itorder of the optio 
disk, and projecting straight forward into tlie vitreoun, The vessels 
upon it were looped and very ntiinerous, one larger one forming; its 
anterior l>order. The top of the membrane was seen with + 4 D. 
Six months after, whieh was when the drawing was made, the vitre- 
ous had cleared up, the retinal hremorrhages had been absor})ed, and 
the condition was that shown in the drawing.* Fig. 13 presents the 
appearance of the same eye a year and a half later. 

Dilatatitms of the Vessels. — Dilatations or constrictions which are 
limited to a sliort district of the vessels — as, for example, varicosities 
or aneurisms— are much more rare than a general dilatation or nar- 
rowing of the entire vaiicnlar system. We not infrequently see on the 
principal vessels, just at the pylorus, a small dilatation, as if the vessel 




IiimI started with a somewhat larger diameter, which for some reason or 
otiier, after a short tmject, had undergone a more or less sudden dimi- 
nution in its diameter, and had then continued on upon a rednced 
scale, the dilated portion bearing a great resemblance to a cirsoid dila- 
• "TranB. Ophth. Soo. United Kingdom," vol. iv., ISH. p. 150. 
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tation. These may occur in both arteries and veins. Fig. 14 rep- 
resents snch a dilatation on a branch of one of the principal veins. 
These m« undoubtedly at times congenital, biit also may be due, at this 
spot or at more distant districte of the retina, to some inflammatory 
action. Still, it nmst be admitted that real varicosities of the ves- 
sels are very rare, and have no doubt been confounded by some 
writers with an abnormally great and corkscrew-like tortuosity of the 
vessel, in which, however, the lumen itself was not dilated or altered 
in form. 

Ncein. — Schirmer reports a case of great tortiuieity of the veins of 
the retina in a 8ul)ject who was affected with extensive and deep- 
seated nffivi on various jmrts of the l>ody, the most interesting of 
wbicli were tliose seated upon and within the left eye. Both the up- 
per and lower lids were affected, and the tortuosities of the veins of 
the retina were so great that they took on not only a lateral but even 
an antero-posterior enrvature. Tlie arteries remained normal, both ra 
to their cahbre and course. It was evident that an inflammatory 
action had existed at some previous time, either intra-uterine or later, 
as there was atrophy and excavation of tlie optic nerve, and a redun- 
dancy of the connective tissue,* 

I have myself seen a ease in which the optic nerve was occupied 
for its lower and outer third by a skein of vessels, which, tliough 
much finer than the principal vessels upon the disk, evidently started 
from them. They formed a very conspicuous network, which was 
evidently of venous origin, as the vessels were so thickly interwoven 
as to look like a congeries of red worms. 

IJebreich has given a most remarkable drawing of a bead-like 
series of varicosities of the veins, ol)served in a case of glaucoma, and 
which were arranged one after the other, like the pearls of a necklace. 
This is certainly one of the most remarkable pictures in ophthalmos- 
copy, and woidd be pronounced untrue to nature if drawn by a less 
skillful artist. It would, moreover, appear from the drawing, that 
the inniunerable bead-hke sections of the vessel were as much due to 
constrictions of the vessel-wall as to dilatations. This apijearano*, 
which has, to a degree at least, been ciirroborrated by Pageiistecher, is 
evidently due to a disease of the walls of the vessel, as simple dilata- 
tion from impediment to the circulation could hardly sufliee to pro- 
duce such a result.! 

Mutiu gives a drawing of some isolated varicosities upon the veins.^ 

• " Anhir fllr Ophth.," Band vii., p. 110, 

f " Alius d'Ophtlmlmoecopie," Tub. XL, Fig. 1. 

X •• Aflas d'Oplithalmoswipie," Tab. VII., Fig, 6. 
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Aneurisms of the Central VesaeU. — Anenrieiiml distentions of the 
central artery had already been found on eection before the invention 
of the ophthalmoscope, and Buch eases had been recorded by Schmied- 
ler, the elder Graefe, Schoii, and Scultet ; but the first case ever seen 
with the mirror, of this very rare occurrence, waa reported by Sons, 
Borne ten years after the invention of the niirror. in tlie " Annalee 
d'Ocnlistique " for 18ti5, Vol. LIII. Upon the papilla of the left eye 
of a woman of advanced age there waa a red ovoid tumor or dilata- 
tion, which, when viewed by the inverted image, was seen to pass 
below the margin of the disk, which then, after becoming abruptly 
narrower, entered into one of the retinal arteries. The tumor pre- 
sented e^'ident signs of pulsation, the movements being synchronous 
with the radial pulse. The arteries were reduced in size, while the 
veins were somewhat broader, but not tortuous. The vision in the 
eye was much reduced, and the aneurism was evidently the result 
of a patliological process, and not a congenital defect 




Dr. Francis B. Loring has reported an interesting distention of 
the walls of the lower branch of the central artery, which is par- 
ticularly well marked and distinct in all its details. This is ehown in 
Fig, 15, and was discovered in the right eye of a deaf-mute, who was 
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eaSering from a slight and temporary attack of plilyctennlar con- 
junctiritis. 

"Both eves were eiiiinetropic in refraction; V,=^— , A. gofxl, 
and the field and color-perception normal. Under the opththalnm- 
Bcope the media and lenses were elear and transparent, and tlie retina 
and choroid normal in every respect. In the left eye, however, the 
lower branch of tlie central artery presented a most peculiar bulging 
of its entire circumference. This annular enlargement took place 
below the margin of the jmpilla, at a distance corresponding to about 
three fourths of ite diameter, and was situated at about two thirds of 
the distance between the lower edge of the disk and the first bifurca- 
tion of the artery taking place below it, ite central diameter being 
nearly three times as great an that of the vessel proper. Its color 
■was lighter than tliat of the artery, and tlie " light-streak " termi- 
nated abruptly at its origin, beginning again immediately below it. 
There was no pulsation attainable by pressure, and there was no stasis 
of the blood-colimin above it. The fundus van singularly free from 
blood-vessels in its near neigh liorhood, thus allowing a most exact ex- 
amination to l>e made witli eaiic. The jmttent was a yoimg and healthy 
man of twenty-five years, and a careful examination of heart and 
lungs proved IwtL to be nonnal. His hearing had been lost in early 
infancy, from an attack of measles." * 

Under the title of " Aneurisms on retinal vessels in a peculiar ease 
of retinitis," Mr. Story and Mr. Benson have published a singular case 
of vascular dilatation, tlie chief features of wldcli were as follows : 
The ophthalmoscope showed that tlie vessels in the outer peripliery 
of the fundns of the right eye were dilated in places. Three briglit- 
red, well-defined, and globular protrusions, which resembled cherries, 
were oltserved upon one of the walls of tlie artery which ran above 
the macula lutea. There was. moreover, a cylindrical dilatation on 
the trunk of this artery, which became enlarged so suddenly and 
evenly as to have quite the appearance of an intussusception. The 
appearances described are shown in Fig. IC. Aquestion might arise, 
in regard to the small and perfectly circular sixite. as to whether 
they were not due to congeries of very minute vesfiels, such as have 
been found by Graefe anatomically, and supposed to liave \>eeu ticen 
by myself, witli the mirror. This case was again presented to the 
Bijciety by Mr, Story, in 1SS5, or over ten years later. There were 
still many aneurismal dilatations of the retinal artery and veins. 

GrOwerB also gives a case of retinal changes from chronic renal 
which, besides signs of extensive perivasculitis, there were 
• "Trans. American Uphth. Soe,," 1880, p. 40. 
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hIbo dilatations of the veeaek. Tlie arterieB, except for tlie chaogea 
due to peri vasculitis, were, for the most part, normal. One of tlieee, 
however, M-liieli ]>Hss<-ii ilitvi'tly ilnwnujinl, presented, Ht some dis- 




tance from the disk, at least four distinct dilatations, wliich, accord- 
ing to Gowers's l)e!ief, were e\'idently iiiinnfe aneurisms.* 

Maniihardt f reports a case of aneurism of the centml artery in 
the region of the disk, tlm result of a traumatism, which was ac- 
companied by rupture of the choroid. In this connection, it ia 
very cnrifiue that, where hlows upon and around the eyes are so 
nuineruuB, and where direct traumatisin from penetration of foreign 
bodies is so common, cases in which there is a direct connection be- 
tween arteries and veins should he so very rarely observed. I have 
never seen a well-authenticated caae, although I did once observe one 
in whidi it was supposed, not only by myself but by others, that 
such a connection might be present. The lower principal artery and 
• " Medical Ophthalmoscopy," p. 866. PUte XII., Fig. 1. 
t ZehenJer, vol. xiii., p. 183, 
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vein were in tlie cloaest contact possible, but there was no actual 
commnni cation between the cnrrenta of the two vessels, and tliere 
was no change in the bright color of tlie arterial blood, either at the 
Bupposed jtlace of puncture or below it. There were, however, evi- 
dences of past inflammatory action in the great tortuosity of the vcs- 
Bela, aiid in the broad white bands which accompanied both the vein 
and artery for a considerable distance. 

Magnue,* however, reports an exceedingly interesting chue, and 
one which would appear to have Iieen a true aiieurisiiiii] varJx of tmu- 




Sfo origin, in a hospital nurse who, two years before, had received a 

severe blow upon the affected eye. Tliis was considerably injured at 

the time and much swollen. The %'ision, which was perfectly good 

before the blow, was so impaired at the time of the examination that 

• Virchow'9 "Archives," Band li., jmge 39, 1874. 
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tlie patient eould with difficulty connt fingers. The mirror Ghowed 
tliat all the vessels which left the papilla were three or four times their 
normal calibre, and presented a uniform deep-brownish -red color. 
This was so marked that it was inipo^sible to differentiate the arteriefl 
from the veins, except in tlie most peripheric branches. Fig. 17, which 
is drawn with the inverted image, represents the ophthalmoscopic ap- 
pearances. Froin the lower and riglit-hand quadrant of the [>apilla 
two vessels emerge, which run side by side for a short distance, and 
purBue a very tortuous course over the retina, in order tjj eoiue to- 
gether again at a distance of about twt) or tliree diameters of the disk. 
It could be determined, by following along the vessels for a consider- 
able distance, .that that towanl the nasal region was the artery, and 
that toward the temporal region the vein. There is alsti in tlie 
upper and left-hand quadrant of the figure very nearly the same con- 
ditions. A vessel which nms from the disk toward the nasal side of 
the field (that is, toward the left nf the drawing) passes another veeeel 
which comes from the upper and inner part of the disk, and the two, 
after forming a convolution, enter into direct communication with 
each other. Magnus is of the opinion that these appearances, when 
taken in connection with the traumatism, are due to an exteusive 
laceration of the vessels and tlie retina, accompanied by htemorrhage, 
and that a subsequent connection of the two vessels followed, wliieh 
fonned an arterio- venous onion, the diagnosis being confirmed by the 
peculiar appearance of the blood in both sets of vessels. 

Arterial Pulsaiioti. — It has already been x>oiiit^ ont that aa 
arterial pulse may exist iu a normal eye; and, altliough its occur- 
rence is to the ordinary observer extremely rare, I am informed by 
my friend Dr. Wadsworth, who has made quite a study of the mat- 
ter, that by careful scrutiny it can often be detected, and must, there- 
fore, Lave been often overlooked from want of care. 

When a sjwntaneouB arterial pulse is present in patlicilogical con- 
ditions, it is usually due to two principal causes, intraocular pressure 
and organic disease of the heart, in each of which it manifests itself 
by peculiarities wliich it is important to notice. 

When due to intraocular pressure, or, more accurately put, wher- 
ever tlie pressure on flie outside of tlie vessel is from any cause 
greater tlmn that within, the pulse then maiufests itself by alternate 
contractions and expansions of Uie blood-column, which are some- 
times so rapid and so \-ivid in character as to be elmost luminous — 
especially, as is not infrequently the case, when the vessels upon the 
disk completely empty themselves. 

This peculiar open-and-shut movement is almost invariably con- 



THE KETINA. 



49 



fiuwl to the rt^on of tlie disk, aiid rarely, if ever, extends beyond the 
limits of the papilla, thus radically differing from Uie pulsation due 
t*i heart-disease, widcli not only extends beyond tlie borders of the 
disk to a gruater or less degree into the retina, but which at times 
may be' visible in the smallest vessels, even to tlie very jieriphery of 
Uie field. The distinction above alluded to is not. however, invariable ; 
for. curiously enough, Jaeger, who first discovered the existence of a. 
spontaneous arterial pulse, did so in a case of glaucoma, in which not 
only were the puliiatii>ns present uihjii the disk, but where they could 
also Ire followed far into the retina, and these pulsations were quite of 
the character of those later deseril>ed by Quincke and Becker. A 
question arises whether in this cjise there was not a cpnibination of 
tlie two diseases, glaucoma and insufficiency of the valves. The ques- 
tion is all the more allowable, as I myself have seen a case of marked 
glaucomatous excavation of the optic nerve in which the jiuleatione 
extended int<^) tlie retina, and where, upon examination, insufficiency 
wa« suspected. The patient was sent to a more expert colleague for 
an opinion, and unfortunately never returned. 

The arterial pulse, when due to pressure, occurs nsnally upon one 
branch of the artery, but sometimes does so on several, or, indeed, 
upon all the branches situated upon the disk. The distention of 
the artery occupies a longer space of time than the contraction — that is 
to say, a gradual tilling up takes place, followed by a momentary rest. 
which is followed in turn liy a sudden emptying of the vessel, which 
consumes only about half the time that the infiux occupies. The 
pulse ujion the disk is synchronous with that at the wrist. 

The arterial pulsations seen in diseases of the heart may be divided 
into two classes — an arterial and capillary pulse. Botli of these vari- 
eties of pulsation, as incident to heart-disease, were discovered by 
Quincke, who observed that, in certain cases of insufficiency of the 
aortic valves, besides a strongly-marked piilsation of the arteries 
which extended far into the retina, there was also a regular and 
rhytlimical flushing and paling of the disk. The increased redness 
was BjTiclironous with the systole, and the bleaching with the diastole 
of the heart, and could be accounted for only by the alternating in- 
crease and decrease in the quantity of the blood in the smaller arte- 
rioles and ca])illaries. 

The alternations in color were most conspicuous in the middle of 
the disk, and especially upon the borders of the pliysiological excava- 
tion. Tliey could not be traced beyond the borders of the papilla, 
even if they existe<l, on account of the lack of contrast in the red back- 
ground of the choroid. 
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Tlie appeamnee of this fonn of pulsation occurs only in the more 
marked cases of aortic iiiBufficieiicy, and even where it does occur it is 
not at all times present.* When a venous pnlse is present in thtwe 
cases, it is nsnally increased in character. 

The existt^nce of this capillary pulse was corroborated by Schmidt ; 
hut Becker, who lias made an exhaustive study of all tlie pulsations 
to be observed in troubles of the heart, declares that he liae been un- 
able ever to see this systolic change in color, descrilwd by Quineke, as 
occurring in aortic insufficiency. It is interesting in this connection 
to rememlier that, according to tlie experiments of many observers, 
there is no flushing of the disk from the use of nitrite of amyl, even 
where the face and ears have been very much suffused. I have never 
seen this form of pulsation myself, hut I do not wish to imply from 
this that it does not ever occur, but merely to emphasize its rarity. Dr. 
Polk has demonstrated the existence of a capillary pulse in the normal 
eye, and there is no reason why this should not be increaae<l by dis- 
ease, and maiiife«t itself uixm the optic disk, as descriljed by Quincke. 

The second form of pulsation which has Iwen so thoroughly 
dilated upon by Becker, and wliich relates to the larger vessels, is 
iinich more common than that which has just been described as per- 
taitung to the smaller vessels and capillaries. The two most impor- 
tant characteristics of the pulsation are, first, a dilatation of the wall of 
the vessel ; and, secondly, a movement or displacement of the vessel 
itself. It has but little similarity with the arterial pulse which occnrfl 
in glaucoma; for, while this is only an inteniiitting flow of arterial 
blood into the eyeball, in which the calibre of the vessel itself is not 
affected, the arterial i)ulse due to insufficiency of the valves shows all 
the characters of a true pulse, sueh as can he diwiriminated by the 
finger at the wrist. Thus, the frequency and the force of the action 
of the heart can be watched by the eye, and the distention and loco- 
motion of the vessel be noted, and the precise share of time which is 
occupied hy the distention, jianse, and contraction of the artery, can 
be determined, while the true character of the pulse-wave in all the 
gradations of its curve can tie estuiiated. 

These pulsatory phenomena vary in distinctneee in various places. 
The distention of the artery is most clearly seen at the point of divis- 
iiin of one of its branches; the locomotion or displacement of the 
vessel, on the other hand, where an S-shaped curvature occurs in the 
coiu-se of the vessel. During the diastole of the arteries tlie curva- 
ture formed hy tins S-shaped portion becpmes more marked, and 
then returns to its original dimensions, when the systole takes place. 
• Dr. H. Quincke. " Berliner kliciisi'he Wochonsehrilt," 1808. 
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Thus, in many cases, if such an expression may lie used, tlie entire 
retina, in those cases where the pulsations are marked in degree, 
Eeems to take on an animated expression. Moreover, wlien a suitable 
arrangement of the vessels upon the disk is present, the entire stem 
of tlie artery may be seen, at every contraction of the lieart. to start 
forward into the vitreous; so that he^e, too, a pecuhar rliythmicwl 
movement of the artery is observed. From an exhaustive study of 
many cases, the conclusion was arrived at by Becker that a true arte- 
rial pulsation occurred in ahoost every case of insufficiency of the 
aortic valves, which was not complicated with other valvular lesions, 
and tliat it was the more pronouncBd the greater the hypertrophy 
of the left ventricle. It was oidy in those cases where, with the in- 
Bnfficiency, there was also in combination aniemia, or fatty degenera- 
tion of the heart, that the pulse was not visilile. In many cawes there 
was also a well-marked venous pulse, not only of the kind which is 
ordinarily seen, and which eunsists of rhythmical interruptions to the 
outflow of the blood at the porus opticus, but also a true pulse, in 
which a change in the calibre of the vessel occurred in the retina lie- 
fore the vessel hail arrived at the disk. 

Tliat arterial pulsation, under the above conditions, is a pretty 
constant aceom|>animent of iusu9icieu<'y of the aortic valves, is no 
doubt true, bnt, that it is so iTivariahly the case as Becker would seem 
to imply, wonlil appear to be doubtful, as I have myself seen cases of 
marked aortic insutBeiency without eompUcations, where there was 
no fflgn that I could detect of any arterial pulsation. 

A rhythmical pulsation of the arteries, such as has just been de- 
Bcribed, occurs also in aneurism of the aorta. 

Becker also calls attention to the fact that, inasmuch as these pul- 
sations take place in eyes in which there is no increased intraocu- 
lar pressure, and indeed in perfectly normal eyes, too much stress 
should not l>e laid upon their presence, either as a sign of intraocular 
pressure, or, wliat is more important, as a prodrome of g!auet>ma — a 
sign which has l)een dwelt upon with so much emphasis by Von 
Grsefe * and others. While this last statement is true to a certain 
extent, it is also true that spontaneous arterial pulsation is so rare in 
normal eyes, that when it does occur a careful examination should he 
made aa to the condition of the vision, aTid especially as to the extent 
of the field ; since the presence of the pulse and the comparative ease 
with which it can l>e pritduced are such valuable symptoms of glau- 
comatous conditions, that they should never be lightly ignored. In- 
deed, arterial pulsation is often the deciding straw in making a diffei-- 
•"An:hiv(arOphth.."Bftnilxriii.. II.2W1: Zehendor. 1871. ]■. 880. 
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ential diagnosis between glaucoma simplex, of an atrophic nature, and ■ 
excavation f»f the optic nerve, in which pre.ssiire in exerting a dele- 
terious etfevt. wliicli it may need an o[>eration to counteract. 

Ill this connection it must t>e borne in mind that a pulsation may 
occur iu the arteries from some compression which lias its scat eitlier 
in the orbit or in some portion of the stem of tlie nerve, before it 
reaches the interior of the eye — -as, for example, from some morbid 
growth, or from some peculiar twist of the vesset; and that this uiaj 
happen in eyes in whicli tlie pressure is either normal or less than 
normal. Thus, I have seen a case of pulsation in the lower branch 
of the central artery in an eye, wliich was perfectly normal, in which 
there was no excavation, and where, too, there waa no sign of any 
trouble of the heart — a pulsation which was so great that tlie artery 
emptied itself with each contraction of the heart. It was confined to 
the limits of the papilla, and was evidently due to some extraocular 
impediment Ut the circulation. 

Mauthner also makes the general assertion that pulsations of the 
central artery of the retina may be perceived when the action of the 
heart is reduced — that is to say, when the number of contractious is 
reduced, or these are too weak to throw a continuous stream of blood 
into those parts of the arterial system upon which a certain amount 
of external pressure is exerted.* 

Visiih Circulation in t/m Retinal Vesuds. — Jaeger many years 
i^o discovered a peculiar fonn of circulation in the retina, which, 
though since seen by a considerable number of observers, is still bo 
rare as to form one of the greatest curiosities yet revealed by the 
mirror. This consists in the ocular demonstration of the passage of 
the blood in its course through the retinal vessels. 

In the cases described by Jaeger there is at the outset a gradual 
distention of all the vessels, venous as well as arterial, which is dis- 
proportionately large in the arteries, until these become as broad in 
diameter and as dark in color a^ the veins. This may be carried to. 
such an extent that the arteries may become three times and the veins 
twice as broad as in the normal condition, and this increase in diam- 
eter is disproportionately greater in the smaller vessels. An actual 
incnase iu length or tortuosity does not usually occur. The lights 
streak is diminished in brilliancy, and at the time of tlie most marked 
congestion is entirely absent. With these sj-raptoms there is also 
some loss of brilliancy in the fundus, and some increased redness of 
the disk and surromiding retina. The color of the blood is usually 
the same in both arteries and veins. It is i>f a strictly venous charac- 
• ■■ Lchrbucli tltT Ophlh.." p. 335. 



THE RETINA, 



' ter, and of a dark and reddish-bliie tinge. The most intereating ap- 
pearance in these eases is the visible retardation of the blood-current. 
In botti the veins and arteries a peculiar movement is visible, as if fine 
Band were passing with great rapidity tlu-ongh a glass tube. Tliis ap- 
pearance, at first indistinct, grailiuilly becontea more and more appar- 
ent ; the movement decreases in rapidity, and the column of blood 
Eissumes more and more a granular character, until little by Httle tlie 
conviction is created tliat one can recognize with certainty that dark- 
red granular bodies are suspended in a colorless, transparent fluid. 
These move with considerable rapidity, which in the arteries is in a 
centrifugal and in the vein& a centripetal direction. These red, gran- 
ular masses gradnally increase in size, the interspaces lietween them 
also becoming greater. Wlien these granular masses have so increased 
in size that tlie diameter corresponds to the lumen of the vessel, they 
then gradually also increase in length. As tlie retardation in the 
movement of the blood becomes more marked, it becomes distinctly 
Been that the blood has separated into two parts, one of which is of 
A dark-red color, the other transparent and nearly colorless, with, 
however, a delicate, reddish-yellow tinge — that is to say, the blood- 
column is divided into alternate sections of red and colorless fluid. 
These cylindrical sections correspond in breadth to the lumen of the 
vessel, while their length increases according to the diameter of the 
vessel in which they are situated — the smaller this is, the longer the 
cylinder. Thus, in the principal branches tlie length of tlie cylinder 
ie twice or three times its breadth ; in the medium-sized vessels it is 
from four to eight times its breadth, while in the smallest vessels for 
the most part the cylinders are so long that they occupy the entire 
length of the vessel, even while the current is passing for a consider- 
able space of time. These cylinders are of different lengths, even in 
the same vessel, and the length changes frequently either by coalition 
or separation — a shorter cylinder joining with a longer one, or a 
longer di\'iding into shorter ones. The more transparent portions 
occupy the spaces between the red portions, and Uke tliem fill the 
lumen of the vessel and form sections of various and changing lengths. 
When the cylinders arrive in the course of the circulation at a 
division of the vessel, and tlie dividing branches are of the same cali- 
ber, the cylinders divide themselves pretty equally lietween the two 
Teasels. Wlien, however, one branch is smaller than the other, or 
the angle of its departure more obtuse, a smaller proportion of the 
red and a greater proimrtion of the colorless sections pass to tliis 
branch. When the current in one of the larger arteries meets a 
considerably smaller branch, the red cylinders are inclined to pass 
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directly over the mouth of the vessel imdi^-ided, or in some cases 
small detaclinients from the cylinders pass into it. The calibre of the 
vessel is always maintained by the colorless portion whieli seems to 
pass freely into it. Wliun the branch from tlie larger vessel is ex- 
tremely line, very little, or sometiniea none, of the red portion enters 
it. As the earrent is more rapid in the sinaller vessels, and as these 
are at times completely filled with red blood, wUch exteads for a 
considerable distance in length, and as tlieee red portions are alter- . 
nated by similar sections of transparent fiuid, it apijears at times to a 
superficial observer as if the vessels were sometimes filled with red 
blood, and then again as if they wero empty, or as if there was a pul- 
sation in the vessels. This lias led several observers to look upon 
these colorless portions as empty spaces, instead of being filled, as 
they undoubtedly are, with a transparent fluid. 

Very nearly the same phenomena take place in the veins as in the 
arteries, though there is less unifonnity in the various phases, and the 
sections or cylinders are usually of shorter length. Taken as a whole 
the rapidity of the current is less in the larger vessels, and increases 
in proportion to the decrease in the diameter — quicker in the smaller 
and quickest of all in the most minute. With these variations it is 
pretty unifonn in character and degree, only varying in certain excep- 
tional cases, and in particular vessels, where a retardation or even a 
complete stoppage may occur for a greater or longer space of time. 

When the retardation has i-eached a certain degree a sudden stop- 
page of the cylinders can Ik; seen, either in certain parts of the field 
or over the entire system, which is followed again by another forward 
movement. After another shorter interval another stoppage occurs, 
and so on, the intervals l>etween the two lieeoming gradually shorter 
and shorter, until finally the mass of blood seems to move forward 
by successive pushes from behind. After this progressive movement 
has lasted for some time, and has decreased essentially in rapidity, a 
sort of to-and-fro movement ocenrs in the entire mass of the blood, 
the excursions constantly decreasing in length. This back-and-forth, 
pendulum-like movement degenerates into a merely vibratory motion 
of the cylinders, which is tlien followed by complete stasis. As a 
usual thing, this first stoppage of the blood is not a lasting one, for, 
after a jieriod of some five or ten minutes or more, a gradual displace- 
ment forward of the red cylinders takes place in the larger arterial 
branches, for about one lialf or the whole of their length, while the 
colorless cylinders become shorter, or fade away, to be reformed in 
Dtlier places. 

The stasis, lia\-ing once taken ]>lace, may last for several days. 
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,'W}ien it is resolved, it is bo, gradually, and pursiiea in a retrograde 
way tlie coarse it took in ite development — first of all a quivering 
motion, then a to-and-fro movement, tlien an interrupted, pulsatory 
progression of the cylinders, first in particular regions, and tlien in 
the entire field ; and tlien, out of tliis inWrnipted movement, little by 
little, a unifonn and continuoue flow is developed, witli a contiimally 
increasing rapidity, until it is difficult to recognize the single cylin- 
ders, and until, finally, all visible movement is withdrawn from the 
eye. and tlie circulation resumes its nonual, quiet, and motionless 
appearance. 

There was always a considerable functional disturbance in the 
cases that were observed by Jaeger, the vision sinking very quickly 
to quantitative perception of light, and even this was entirely wanting 
during the stage of complete stasis. With the return of the movement 
of tlie blood the sensation of light increased, and vision gradually im- 
proved, until it nearly etpaled the original amount. 

In regard to the nature of this separation of the blood into red 
and CfilorlesB divisions, there can Ije hardly a question bnt that the 
cylinders are composed of aggregated red blood-corpuscles, as Jaeger 
asserts. It is possible, also, in the light of more recent investigation, 
that they may be of the nature of aggregated blood-plaques, seen to 
occur in other organs — at the edges of the oi>ening8 in ruptured vea- 
eels, or where the current is retarded from obstructions or projections 
into the lumen of tlie vessel. 

Under the influence of the retardation of the current, the central 
position which tlie red portion of the blood-column occupies in physio- 
logical conditions, and tlie external position of the plasmic portion, 
could be much more readily ol)8erved than in healtli. 

It is of interest to notice, too, tliat during the stasis the nourish- 
ment of the retina, in tlie cases reported by Jaeger, was continued, 
and was sufficient to maintain the integrity of the retinal elements, so 
that nearly normal vision was restored when the circulation became 
re-estabhshed, and that during this time the change wliicli took place 
was a decrease in the length of the red cylinders.* Tlus would imply 
that it was due, in part at least, to the agency of the red aggregations 
that the nourishment of the retina was maintained. It is also worthy 
of notice that there was, in these cases, but very little or no osdema, 
which would go to show that, in certain forms of stasis, where 
there is a marked diapedesis of white corpuscles, there must be an 
altered condition of the walls of the vessels which would favor sucli 
a transudation. 

• " Ergebnisse Jer Untereuchung," etc. Jsogcr, p. 100, el al. 
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Following the discovery by Jaeger of this peculiar form of circu- 
lation in tlie very infancy of opbtlialmoscopy, came similar oliserva- 
tiona by Liebreicli, Schneller, Graefe, Schweigger, and lately by a 
good many othera. 

In this country, interesting cases have been reported by Dr. Cal- 
lan and Dr. Schell. Fig. 18 is taken from the case reported by tlie 
latter, and ahnws in a gmpliic and pic- 
torial way the segmentation of the 
bli>od. From the sudden loss of vis- 
ion and tfie thinness of the vessels the 
case was supposed to be one of em- 
bolism,* 

Dr. Callau, on the otiier liand, waa 
of the opinion that the case examined 
by him was not one of embolism but 
of retro-bulbar compression of the optic 
nerve within its slieath, due to inflam- 
matory prod nets, t 

Stated broadly, the appearances 
noted by these various observers are 
prolmbly due to some mechanical re- 
tardation of the current, and are sim- 
ply the e.v|ires6ion of stasis, whether 
from overdistention of the walls or lack of propelling force from 
behind. 

I have been led somewhat into detail in regard to this matter, aa 
it seems to bear so strongly on some modem observations on the 
study of the blood, and because the retinal vessels offer the only 
place in which these discoveries and deductions can be studied upon 
the human subject, 

Ischminia of the Betlna. — This tenn has been used to denote a 
peculiar condition of the retiual circulation, in which the arteries are 
much reduced in size, sometimes even thread-like, while the veins 
either remain of their normal dimensions or are somewhat fuller than 
usual. With this increased fullness there may be slight, or at times 
a marked tortuosity. On the other hand, cases have Ijeen reported 
where the veins as well as the arteries were nmch reduced in size. 

This attenuated condition of the arteries is usually accompanied 
witli total blindness, for the time lieing at least, of Ixttli eyes. As a 
rule, this reduction in the calibre of the arteries is the only ophthal- 
• "Tmns. Aincrican 0|ilith. Soo.." 1H84. p. 680. 
t ■■ An:hiV(!S of Ophtli.." vol. i.. No. 2, Junu, 1881. 
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r moscopic appearance ; l)iit occasionally the edges of tlie norve are 
I somewhat oljRCiirecl, the disk pale, and the retina at times slightly 
I lA<:kiug in transparency. Tlie attack may last any length of time, 
I from a single moment to a ])eriod of several weeks. 

The tronble lias been supposed to result from a i-educed action of 
the heart, which, in its weakened condition, is imable to force the 
I blood into the distant parts of tlie circulation with sufficient force to 
I overcome the intraocular pressure, and in sufficient quantities to main- 
tain the natural functions of the retina. That this is the true cause 
[ of the trouble has been shown, it is claimed, by the glittering residts 
] which have immediately followed the perftimiance of repeated jtara- 
[ centesis and the use of nitrite of amyl. Heddaus reports a remarkable 
case of spontaneous cure after a total blindness of three weeks, 

Dri R. H. Derby lias rejrorted an interesting case in a young girl, 
.in which there was an eittreme contraction of the field of vision, while 
the central vision remained comparatively good, and was not totally 
obliterated, as is usually the case. The patient was much benefited 
by the use of nitrite of amyl. Knapp, r.«eondi, and others have re- 
ported cases of one-sided ischfemia. 

The fact that tlie bliadneas i.mly occors on one side has led to 

the expression of the opinion, by some writers, that the failure of 

eight could not be due to reduced energj' of the heart, for if it were, 

the blindness would occur, not in one only, but in both eyes. This 

I does not follow, however, for it may well happen that, from some 

[ wifttomical peculiarity, less blood may flow into one eye than the other, 

T Bnd that, while the supply is really reduced on both sides, it is only 

r reduced on one side sufficient to interfere with tlie functions of tlie 

I retina. 

Oramp of the Vemel«. — This is a condition which is akin to that 
' inst described, if not identical with it so far as the subjective and 
' physical signs are concerned, including the ophthalmoscopic appear- 
1 ances, and it would be impossible, from the statements of the ]>atient 
or from the appearance of the fundus, to say whether the reduc- 
tion in the size of the vessels was due to an inijierfoct supply of 
blood, caused by some extra-ocular condition, such as a reduced vis 
. a tergo, or from a spasmodic condition of the vessels tliemselves 
. within the eye. 

Hughlings Jackson, many years ago, called attention to the con- 
, traction of the vessels in a ease of epi]e]>tifonn convulsions which ho 
, examined, if not in an actual tit, at least during a convulsion in which 
I eonflciouBness was lost. The optic disks were estremely pale, and 
) the vessels disapjteared altogether for an a]>precial)le space of 
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time. After & while, however, they rea]>|>eared, and were found to 
vary with the reepiration. Wlien the patient inttjiired, the ve^Bela 
disappeared, returning again on expiration, like lines of red int on 
wliite paper,* On the other hand, Gowers kept an artery and vein in 
view tbroughnut the tit, by the direct method of examination, and 
saw no change in the artery. The vein was distended during tlie 
cyanotic stage. Jackson also reports a case of a nuddle-aged woman 
who had betwine suddenly blind, and remained so for fully live niin- 
utea. The blindness came on suddenly and left suddenly. It was 
not total darkness, but " dusk." When Jackson saw her, a minute 
afterward, she could read well with each eye, and the fundus of each 
was normal. As Jackson believed that tliis temporary bUndness was 
due to contraction of the blood-vessels, and was akin to what produced 
the convulsive attacks in epilepsy, he named this peculiar condition 
epilepsy of tlie retina, a name by which the trouble is often designated 
at the present day. 

I have myself seen several of these cases, and have attribnted the 
blindness to a constriction of the vessels, or an imperfect supply of 
blood, or perhaps a temporary pause in the circulation witliin the eye. 
Ill two cases these attacks of blindness existed for many years, and 
were sometimes of daily or even hourly occurrence. In one of these 
cases the attack was at once cut short by the nse of nitrite of amyl, 
and more slowly by the [wtient — who was a yoimg physician — literally 
standing n|x>n his head, a mode of treatment which he instituted him- 
self, upon learning that the cause of the trouble miglit lie due to an 
inijierfect blood-snpply, and the success of the remedy would go to 
show tliat here, at least, it was due to a faulty supply of blood rather 
than a sjjasmodic contraction (jf the vessels. 

One of the most remarkable of these interesting cases of cramp of 
the vessels was that mentioned by Dr. Noyes-f The case is briefly ae 
follows : A nieclianic, fifty-live years of age, while talking, gradually 
b^^n to lose sight. Everything grew dark, and in about ten minutes . 
ho was blind and had to be led home. He remained in this state <rf 
complete want of perception of light from 2 p. m. until nearly 6 a. m. 
At 2 p. u., or twenty-four hours after he had lost his sight, he was 
brought t« the infirmary, where Dr. Noyes saw him. He was able to 
recognize light, and had a dim perception of form. After a carefnl 
examination with the ophthalmoscope, it was determined that the 
trouble was spasm of the arteries, which were nearly empty and were 
thread-like. There was almost entire suspension of the retinal cireu- 

■ "Ophth. Hospital Hep.." vol. it., 1888. 

t "Tnins. American Ophth. Soo„" 1882. p. 870. 
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Ifttion, V = ". He was put under tlie influence of iiitrite of ainyl, 
and in live minutes he had completely recovered, V — ^. 

It ehould be remembered, however, tliat eiidden attacks of blind- 
ness occur where there are no ophthalmoscopic eigne, or any history 
of an injury to tlie head or elsewliere, and where all the bodily func- 
tions, except that of sight, remain intact. Thus, I was called once to 
see a case of sudden blindness in a woman of middle age, who had 
become totally blind in both eyes only twenty-four hours before. At 
the time I saw Ler there was no perception of light in either eye. 
Slie had gone to bed seeing perfectly well, and had waked up blind. 
There were absolutely no ophthalmoscopic api«;arances, the fundus 
being perfectly noniial in every respect. When I saw the patient 
three weeks later the fimdus was still normal, and there were no signs 
of commencing atrophy of the disk, as I fully expected would l>e the 
caae. I did not see the patient again, tliough I learned from her 
physician that tbe conditions remained the same. Ha<^l the blindness, 
in the first instance, been due to epilepsy or cramp of the vessels, the 
blindness would have passed off with the return of the circulation to 
the retina, as twenty-four hours was too short a time for the retina to 
have received a permanent iwiiairment in function. The trouble van 
evidently of central origin, and that transient attacks of blindness may 
be due to the same central origin is shown hy the fact that, with an 
absence of all ophthalmoscopic signs, there may be a reduced visual 
power of a hemiopic character. 

Ev)fM)linm of the Central Artery. — A typical, I had almost said 
a poetical, case of embolism of the central artery presents a very char- 
acteristic set of symptoms, both subjective and objective, which are 
capable of being summed up in a few words. These are sudden and 
almost total blindness of a single eye, without pain and without pre- 
motiitioQ. These subjective symptoms are accompanied by a thread- 
like attenuation of the arteries, a characteristic circle of tedcnia occu- 
pying the region of the macula, and a still more characteristic cherry- 
red spot in the centre of this otdematous circle, to which may be 
added occasional extravasatittna at difEerent regions of the fundus — 
preferably, however, near or upon the papilla. 

With so definite a cause and with such a distinctive picture it 
would be supposed that the variations that could possibly occur 
would be neither great in number nor extensive in degree ; and yet 
BO many have been the variations in each and every one of the symp- 
toms related above, in the great and ever-increasing number of re- 
corded eases, that one is ahnost forced to doubt the accuracy i if the diag- 
noms or the acumen of the observer. Tlius tlic disk may he either 
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entirely normal or uiuliily congested or abnormally pale. Tlie con- 
tour of the diuk may In: fdiargily defined or aliglitly obscured by a deli- 
cate, liaze-like (edema, or it may !« entirely surronnded by a dark and 
untransparent exudation. The }ia<murrliages wbich occur may l»e, as 
tliey usually are, aiiwll, and occuj>y, as tliey commonly do, the BurfHce 
of the disk itself or its neighborhood, or they may lie between the dink 
and the macula lutea or in different parta of the fundus. The ex- 
travasations are mostly from tlie veins, though they occasionally also 
occur fn)m the arteries. They are usually from the larger, and not, 
as would be expected, from the smaller vessels and capillaries. 

But j>erhap8 the most conspicuous variations are those whieli per- 
tain to the vessels themselves, especially the arteries. These, accord- 
ing to the cases rep<irted. may Ire either reduced to a mere thread-like 
current for tlieir eutire length, or the> may be visible at or near the 
disk, while their secondary divisions are entirely lost to sight. On 
the other hand, they may bo nearly or absolutely empty, and only to 
be traced by their walls, and gradually increase m fullness and visi- 
bility as they approach the periphery of the field. Or, again, they 
may he moderately filled at the disk, and more so at the periphery, 
giving a tapering appearance to the arteries, which is not an infre- 
quent occurrence ; or, lastly, they may be narrowed in the middle of 
the field, while they are moderately or even normally filled at both 
ends. 

When the tissue surrounding the vessel is cedematous and non- 
transparent, wliich frequently occnrs in the neighborhood of the disk, 
I am inclined to believe that this reduction in size is rather apparent 
tlian real, as I have not infrequently observed in those cases in which 
the oedema rapidly disapjieared, that the arteries at once assumed 
their normal, or at least their proportionate, size. The contour of 
the walls, too, instead of being uiuform and continuous, is sometimes 
60 changed that the calitu-e of the vessel varies in different jiarts, bo 
that a distended or rather a full portion alternates with a constricted 
or what seems to be an empty section. 

The arteries are, moreover, often bordered with delicate white 
lines, which have sometimes been considered as tlie visible expression 
of the walls themselves, which then become thicker and less transpa- 
rent from contracting upon themselves ; they are, however, most prob- 
ably due to a mild form of perivasculitis. They may l>e present in 
the earliest stages of the disease, even when the case is examined 
ahnoBt immediately after the attack, and may go so far as to give the 
appearance of white stripes inclosing a fine red thread in their centre. 
Again, in some of the cases tliat have been rejwrted, and in more 



THE RETINA. 



61 



. which have been exliibited at nocieties as examples of emboliBm, the 
arteries have faileii to show any attenuation at all — have, indeed, been 
perfectly normal, the sole and only sjinptora being sudden loss of 
vision in a single eye. 

The veinii, like the arteries, may \ie reduced in size, but are, aa a 
rule, either nonnal or a little distended. Wlien contracted they are 
80 usually near the disk, increasing in size toward the periphery, 
eometimes to Buch a degree aa to have a leech-Uke appearance. They 
may show the same interruptions and contractions as the arteries, 
but do so much more rarely. Neither veins nor arteries show 
much tendency to I>ecoine tortuous, though cases are reported, 
especially when the trouble is confined to a branch, where this occurs. 
ITor is there, so far as I know, ever any increased elevation of tlie 
papilla. 

The (edema at the macula also varies very nnich in character and 
degree. It is usually of a pale grayish, more rarely a bluish, and still 
more rarely of a greenish tinge. Occasionally it is so dense in char- 
acter as to have a milky-white or a yellowish-white api>earance. It 
usually occupies the whole of tlie region of tlie macula, but does not 
extend over the fovea, the position of which is marked by the cherry- 
red spot. Still, a slight veil is sometimes drawn even over this, and 
Gowers reports a ease where the milk-white disturbance totally o]>- 
acored the red spot. The vessels which are present on the whitened 
background formed by tlie (edema are not vessels of new formation, 
but those that belong to the retina, but which show more distinctly 
on account of increased dilatation and from contrast. 

This (edema may be one of the earliest s^Tuptoms, and then, again, 
not be present until two or three weeks after the attack. It may be 
present when the vessels are contracted or when they are of normal 
calibre, or it may be entirely wanting. 

Although the milky cloudiness round the region of the macula 
and the bright, cherry-red spot which marks the position of the fovea 
are very characteristic of embolism, they are not, as many appear to 
suppose, alsolutely patliognomonic of it or confined exclusively to it. 
_ They occur sometimes in specific retinitis, follow injuries from blows, 
and other causes, and I Itelieve that they may occur whenever the cir- 
tnilation is so nnich interfered with that stasis results, either partial or 
complete, in either veins or arteries. In other words, the milky ap- 
pearMice is simply symptomatic of transudation from the vessels into 
the surrounding tissue, jmrticularly into the inner layers of the retina, 
and, above all, into the nerve fibre-layer; and the reason why the in- 
filtration is the most dense round the macula is, that it is the place of 
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all others of the entire retina which is tlie inoet supplied with tiiiniite 
vascular twigs (see vol. i, p. 35 et a/). 

From the fact that the nerve fibre-layer does not extt-nd iiver the 
region of the macula as a connected layer, and from the fact that 
most of the other layers of the retina become reduced in thickness or 
are entirely wanting, there would be at this place a feiieBtriun or vacant 
sjjace, tlirough which the underlj-ing choroid would he apparent in 
, case that that part of the retina immediately surronnding the macula 
should become infiltrated, and the more milky tins was the brighter 
would Ix! the red spot marking the position of the fovea. 

In regard to the precise nature of this red spot various views have 
been maintained. It certainly does not have the appearance of a 
li»morrhage. It is generally too uniform in its contour, and remains 
too long unchanged, and is of too texture-like an appearance to I* a 
simple extravasation ; and yet it is of too vivid a color to bo merely 
the mark of tlie contrast of a normal choroid seen through the retina. 
It is more probably the eombiuefl effect of a congestion of the capil- 
lary and minute vascular circulation of the choroid at this place con- 
trasted witli an infiltrated retina — a congestion which in some cases 
may even end in haemorrhage, but which in all cases may perhaps Iw 
looked upon as au attempt to supply through the choroid, nourish- 
ment to the retina, the circulation of which has been cut off or inter- 
fered with. And this is all the more proltable when it is remembered 
tliat tlie capillary circulation at this place in the choroid is the finest 
and most densely woven of any in the whole body. The abnormal 
amount of pigment found in this position in sections of the eye, might 
be explained either as the result of hiemorrhage or congestion, but 
the ophthalmoscopic appearances do not favor the idea of extrava- 
sation into the choroid, while they do strongly tliat of an active 
congestion, which is supported by the inflammatory changes tliat 
liave been found microscopically in this region. That the red spot 
is in the choroid and not in the retina is shown by the fact tliat, 
when an enlarged retizial vessel happens to ])as8 near it, accurate 
measurements prove, according to Mautlmer, that it is in a posterior 
plane. 

The nature and velocity of the hlood-current vary in different 
cases in a marked manner. Thus the circulation may be clearly shown 
to exist even when it is very much reduced in size, and in these cases 
it has been assumed that either the stop])age is not a complete one, or 
that a collateral circulation has taken place anterior to the situation 
of the emljolus. Or the current may be of that peculiar form which 
haa already been dwelt upon, in which there is for a time a current 
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of alternate red and white cylinders, a vibratory movement wliicli is 
followed by a complete stasis. 

Coagulated blood may occur in shorter or longer sections of the 
Tessels; especially in tlie finer ones, which run toward tlie macula. 

As a rule there is no piilsatiou upon pressure in either the arteries 
or veins, although caeea have l>eon rejiorted wliere it could be pro- 
duced, or where, as has been alleged, tliere was spontaneous pulsation 
in the arteries. I Lave, however, never seen such myself. 

The tension of tlie eye is BometimeB reduced ; sometimes, tliough 
never markedly, it is increased ; or it may be, as is usually the case, 
perfectly normal. 

The progress of the disease is ordinarily as follows : The circular 
tiou may, after a longer or shorter period, be in part restored so that 
the arteries and veins become fuller, or the vessels may still preserve 
their thread-like character. The walls of the vessels become more 
pronounced and more clearly vL»ihlo on account of the liyi>ertrophy 
of the connective-tissue elements of the adventitia, wliich is aliown 
by fine white lines along the borders of the arteries and veins, but 
especially the former. lAter on, as the residt of eectmdary retro- 
gressive changes, some of the smaller vessels entirely disappear, while 
the larger ones do so in part, so that here and there disconnected por- 
tions of the blood-cohuim are seen se])arated from eatrli other by other 
portions, which are merely traceable as fine red or sometimes as white 
lines, while at other times there is no visible connecting liidc, large 
Bections of the greater vessels appearing to be completely absorbed. 

The disturbance at the macula lutea fades away sometimes in a 
few days. It may, however, while it lasts vary in intensity during 
tliia period, fading almost entirely away, and then increasing again in 
extent and density. lAter on secondary changes occur here also, 
wliich consist of a collection of light-yellow spots due to fatty de- 
generation. These either entirely disappear or remain in a cluster 
around the macula, not unlike those which occur in some forms of 
retinitis. The brilliant little points which are occasionally seen are 
evidently caused by minute particles of cholesterine. 

The red spot at the macula gradually grows lighter as the cedema 
clears up, until, as a rule, the vivid contrast between it and the rest 
of the fundus is to a great measure or entirely lost. Occasionally, 
however, it appears, while it loses its red color, to grow darker in 
hue, corresponding in appearance to what was shown to !»' a fact 
under the microscope in a case examined by Gowers, where the ]>ig- 
ment in this region was found to be abnormally increased. The red 
, spot may, on the other hand, continue for a long time after the cedema 
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lias been absorb^, and only disappear very slowly, or it may in rate 
eases remain indefinitely in a modified form and of a darker hue, 
when, as is etat«d above, tlit-re is an increase of pigment. 

Tlie disturbances in tlie region of tlie disk gradually disappear, and 
the contours of the nerve become more sliarply defined. The jiapilla 
gradually loses its pink hue, becomes whiter, and finally ])a^i«ett into a 
state of atrophy which at times resembles sunple white atrophy, but 
which is usually of a more oparjuc and less brilliant hue, while deli- 
cate shreds of connective tissue line the sides or surroun<i tlie larger 
vessels, especially at the poms opticus. Oftentimes it ie tlus greater 
development of connective tissue and tlie history of suddeu bUndnces 
in former years that enables the physician to determine that the opli- 
thahnoscopie appearances are probably due to embolism or thrombosis 
and not to atrophy — a fact which directs his attention for the first 
time toward the heart, where valvular or other troubles are often 
detected. 

The vision in these cases of embolism, or what have been classed as 
embolism, is usually, for the time, at least, totally abolislied. When tlie 
patient has had time and the presence of mind to notice the manner in 
which the vision haa been lost, the imiiairment of sight lia^ usually 
been observed to come on with a rapidly concentrating loss of the field 
until total blindness has been produced. At other times a cloud is 
said to pass rapidly before one eye. or sometimes, indeed, Ijefore both 
eyes, tlie obscuration iTassing from one eye as rapidly as it came, while 
the other remains permanently blind. On the otlitr hand, the blind- 
ness may begin at the center of the field and extend toward the periph- 
ery. Central scotoma may also occur at the time of the attack, or, 
again, an improvement in vision may take place at the periphery, 
leaving a permanent central scotoma. 

The total blindness following the first attack may after a time 
improve somewhat, and it is then found, as a rule, that the patient 
has perception of light in the upper and outer portion of the field. 
Tlie central vision may also improve later to such a degree that useful 
vision is restored, and cases of complete recovery liave been reported. 
These are, however, exceedingly rare. It has Ijeen assumed in these 
cases that the embolus was eitlier incomplete or had become disinte- 
grated, or that a collateral circulation had taken place, as has been 
before alluded to. but of which there is as yet no actual proof either 
ophthalmoBCopically or microscopically. 

Not infrequently the patient has a sudden temporary loss of sight, 
which passes off only to be followed by another, which ends in per^ 
manent blindness. These temporary attacks of blinduees, occurring 
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at longer or shorter intervale, have been ntentioned as taking plat* 
in about one fourtli of the recorded cases. 

Finally, eacli eye niay be succeseively attacked, making a case of 
doable embolism. 

MicToaeopical £xatniniit{(»i.—'The number of eves that have 
been examined under the microscope which were supposed from the 
ophthahnoficopic picture to be aflfet-ted with emlmlism are very few, 
indeed, there being only as yet euiiie seven or eight. It is, therefore, 
very remarkable that in the lirst case pronumiced to be euibolism by 
von Graefe the eye should have come to an examination and that the 
emlKilus sliould have Xteen found. This was the classical case descriljod 
by Schweigger. in which an embolus was discovered which apparently 
completely tilled the Imneu of tlie artery. This was situated in the 
region of the lamina cribrosa in the main trunk of tlie vessel, and had 
the appearance a year and a half after the attack of a round pellet 
forced into an elastic tube, the walls of which it still distended.* 

The case reported by Growers is one of the most iiit«restiiig and 
one of the most convincing as to the alleged cause since emboli were 
fonnd in other organs of the body. The case is designated as one of 
idmultaneouB emimliam of the central artery of the retina and middle 
cerebral artery, and is briefly as follows : 

The patient, a man of thirty, liad in early life an attack of low 
fever, attendeil by pains, chorea, and weakness in his right arm. A 
year later he had a similar attack. During the six months before Ids 
present illness he suffered from cough, shortness of breath, and occa- 
sional slight hienioptysis. Without premonitory symptoms, he sud- 
denly, wlien out walking, lost consciousness, was picked up insensible 
and brought to the hospital. There was complete paralysis of the 
right arm and leg and slight paralysis of tlie face, and aphasia. At 
the heart there was a loud systolic apex munnnr and eridences of 
dilatation of the left ventricle. The urine contained no albumen. 

During tlie following month tlie patient gradually grew worse. 
He l)egan to vomit food and cough np blood. There was tedema of 
the left arm with haamorrliagic spots np to the bend of the elbow, 
and signs of effnsion of the right pleura showed tliemselves. Two 
months after the attack the patient died. 

Four days after tlie attack an examination was made with the 
mirror, which sliowed that the right eye was noniial, while the left 
gave all tlie well-known symptoms of emlwlisra with the exception 
that there was no central red s^xit at the macula. The post-mortem 
examination showed that the right hemisphere was healthy through- 
• " VorlOBUngen," 1864, p. 138, Taf. III.. Fig. 10. 
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ont. In the left liemiapliere there were two areas of Bofteniiig, aad 
tlie conTolutioiis of the iektid of Iteil were destroyed. Tliere was au 
enibolna in the left middle cerebral artery. The lieart was much 
diseaned. The uiitnil orificQ was much thickened and roughened, 
and was calcareous on its auricular surface. Each kidney contained 
an infarct, and a similar infarct was found in the spleen. 

Microscopical Examination of tkf Eye. — The central artery in 
the optic nerve was dilated here and tliere. but for the most part it 
was so contracted that its calibre was in most places reduced Xo a mere 
line. The walla were thick, but only in proportion to the contraction 
of the artery. There was no plication of the iimer layer. Just be- 
hind the division of the artery in the disk there waa a dilatation of 
some size ; but in the disk itself the main branches of the artery were 
reduced to very narrow dimensions, the cavity of one being only x^w 
of an inch in diameter. 

Here and there, chiefly in the substance of the nerve, but to a less 
extent also in the disk, minute granular masses could be seen in the 
artery. The largest of 
these was situated in 
tlie main trunk, in the 
substance of the optic 
nerve, alwut one eighth 
of an inch Ijehind the 
lamina cribrosa (Fig. 
IS*). It wajri an elon- 
gated plug y^ of an 
inch in length and 
about s^ of an inch 
in width, coarsely gran- 
ular in appearance, 
and contained many 
dark points. It ap- 
parently did not quite 
fill the vessel, having 
doubtless shrunk from 
tlie sides while the 
specimen was being 
hardeneii. A little dia- 
tance in front of this 
was a amall sjiherical mass. The veins in the disk were reduced in 
bulk, but were nmch larger than the arteries. In the retina beyond 
the limits of the disk, about one of its diameters from its edge, 
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numerous dilated capillaries could be seen running inward through 
tlie uerve-fibre layer, some vertically, otliers at an inclination. They 
appeared as if pairing from tlie choroid to the surface of the retina, 
hut they could not be traced toward the choroid beyond the inner 
layer of the retina. Near the macula the microscopical examination 
showed considerable though variable change. In some places all dis- 
tinctions of layers were lost. The pignient-opithelium was in this 
part in close contact with and adherent to the external nuclear layer. 

It IB Gowers's opinion that a collateral circulation must have 
been established in this case, as the arterieti, as seen with the ophthal- 
moscope, maintained their thread-like dimensions only for a short 
distance after leaving tlie disk and then resumed a distinct though 
narrowed double contour. Moreover, the i-ed spot at the macula 
lutea, so oft«n described, was absent. This fact is of interest in con- 
nection with the differential diagnosis of embolism within the artery 
from ha-morrhage around it, as absence of it and the presence of early 
inHltration around tlie disk are given by Magnus as diagnostic indica- 
tions of bfemorrhage around the nerve. In the case now described, 
uiKjuestionably embolic, there was no spot at the macula, and by the 
tifth day the infiltration aronnd the jiapiHa was very marked.* 

It is important to notice here tlie considerable amount of iTiflam- 
matory action that was present and the large amount of structural 
change wliich was found in the optic nerve, retina, and pigment epi- 
thelium. 

Mr, Nettleship has also reported a very instructive case of the 
microscopical examination of an eye that was affected by embolism, 
in which there were the signs of active infianimation iu the nerve, 
retina, and choroid.t 

Partial Embolism of the Central Artery. — Under this title 
Schnabel and Sachs have recently published six cases of embolism, in 
which it was found on section iu three cases that the lumen of the 
vessel had been only partially occluded, so that in one ease tlie passage 
for the blood by the side of the embolus measured one tliird of the 
diameter of the artery. In this case a second embolus was found in 
that part uf the lower main branch of the artery wliieh passed over 
the jMpilla. 

The o])lithalmic signs were those in the main that accompany 
total occlusion of the vessel. The principal difference was that these 
observers mention the presence of peculiar white spots situated over 
the vessels in certain parts of the disk or even in the surface of the 

* " MediGal Ophthalmoscopv." p. 383. et at. 

t " Ophth, Flospiliil Kep.." ¥ol. viii., p. 0. 
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retina at a coneideraHe distance from tlie nerve. The eireiunscribed 
spots liad the appearance of scales, and the reflex was wanting where 
they were present. Theee spots were nut looked upon by tlie authors 
of the paper as the eniholuB itself, but as circnnisL-ribed dejiosits upon 
or in tlie vaat'ular walls causeil by the presence of tlie embolus in 
some manner not yet understood. 

Among the nine cases of enibolism seen by these observers, tliere 
were fonr wliJch showetl that the emboli were incomplete and only 
partially oeduded the hunen of the vessel. In one of tlie cases each 
eye of the patient containe<l an incomplete embolus, which was visible 
during life, and a third in the trunk of the left arteria centralis retime. 

The transitory loss of vision which occurs bo frequently in embo- 
lism l>efore tlie final and permanent blindness results is explained by 
Schnabel and Sachs by tlie fatit that at one time these partial emboli 
close the current either completely or enough to stop ti\e function of 
the retina, and that subsequently they are displaced to such a degree 
as again to allow the current to flow by or round them ; and when 
hlindnesa has become persistent it is a sign that they liave, by another 
onward movement permanently blocked the current. When, on the 
other hand, complete ^-ision is again restored, it occurs because the 
embolus has bt-en removed into some vessel which does not interfere 
with the function of the retina, or, by the splitting up into finer em- 
boli, which are carried inh) smaller vessels in the periphery of the field, 
where tliey do not obstnict vision sufficiently to be noticed. By fol- 
lowing this assumption still further, they imagine that a sort of embo- 
lic dust is washed from the soft growths of the valves by the current 
of blood which, then entering one or both carotids, is finally carried 
into the central artery, resulting in unilateral or bilateral blindness, 
which may entirely or partly disappear as soon as the minute ^larticles 
have been distributed among the smaller branches of the artery.* 

Previous to tliis, Br. Mittendorf ]niblished a case <.>f what appeared 
to be an embolus visible to the ophthalmoscope. In tlie upper branch 
of the central artery, near its first division, an obstruction could be 
seen that resembled a colorless fibrinous mass. It did not, however, 
seem to obstruct the artery completely, as a very fine column of blood, 
resembling a thin red thread, could be seen at the nasal side of the 
plug. The vessel appeared to be well filled up to this point, but be- 
yond this no circulation couhl be noticed. On the following day the 
upper jiart of the field of vision was decidedly clearer, and the limi- 
tation of the field was somewhat less. The apparent embolus had 
evidently contracted, and had been carried up to a bifurcation of the 
• ■' ArcliivcR of Ojilitlislmnlogy," Xi-w York. vnl. liv.. p. 203. 
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1 branch, leaving tJie smaller l)ranu'li, whioL it had previously oli- 

I Btmcted, free. In this latter position it remained permanently fixed. 

The vieioii of the patient underwent corresponding clianges. 

From the total darkness of the first two days, the npper part of the 

field became clearer and larger, until the patient regained tlie vision 

of 1^, and a large part^niore than half — of the periplierical vision.* 

Emhfilism. of a Branch of tht Ventral Artery. — The closure of a 

brant'h of an artery ueuaJly only varies from that of the main tnmk 

in degree, as the symptoms arc, ii^ ti nik-, nearly the same. They are, 




lg|f anything, more conspicuous and more significant of the embolic 
f process than where the main trunk is occluded, for tlie reason that, 
I being »tuated more peripherically, they are more within the reach of 
I the mirror. The place of stoppage is, however, usually ujion the disk 
", and only in very rare cases iu tlie retina, altliough such cases 
tave been observed. 

There is usually a small bulbous extension of the vessel, that is 
nipposed to mark the seat of tlie embolic plug ; beyond this the vessel 
• ■■ Trails. American Ophth. Soc.," 1892, i>. 41 1. 
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iK-comes Httenuated to a fine red thread fur a greatt-r or less extent. 
The Bidee of the vessel may be marked liy fine white lines, or tlie 
entire vessel may give tlie appearance of being transformed into a thin 
white eiird. The mont reinarkalile example of this transformation is 
shown in tlie firut case reported — that by Saeniisuh. Tliis related to 
a gentleman who, npon waking in the morning, found that there was 
a defect in the vision of the right eye, iinicli as if a screen had shot 
off the lower part of his visual field. Jle had used tliiw eye only a 
few days before in shooting, and he was therefore sure that his sight 
was at that time jrerfect. Examination showed that the lower half of 
the field was wanting. The picture, Fig. 20, is taken with the in- 
verted image, and the ophthalmoscope showed that almost the entire 
lower half of the retina appeared of a milk-white color, through which 
the choroid was dimly visible. The lower branch of the central 
artery presented, just below the disk, a shght eira<.iid dilatation, below 
which appeared a suddeu attenuation of the vessel, the whole of the 
artery below tliia )>oint having the appearance of having been trans- 
formed into a white cord, with the exception that a short interruption 
occurred, where the red blood column could stiti be seen. 

The central vision was normal, and was still sfj when the patient 
was last seen, six weeks later. The defect in the field remained, how- 
ever, unchanged, as did the ophthalmoscopic appearances in the main, 
although the oedema into the retina had disappeared entirely.* 

The optic disk in these cases nsoally becomes blanched in that 
portion of its surface which corresponds to the disturl)auce in the 
artery. The deniarkation of this whitened portion is, however, not 
so regularly marked, or so restricted in its situation to the affected 
artery, as some writers appear to beheve. This was so in the ease 
just recorded, as the whitened portion extended over the greater part 
of the surface of tlie disk, both above and below, and the poms 
opticus and the place of emergence of the vessels were covered up by 
what seemed to be an exudative mass. 

As a rule, tlie vision is suddeidy impaired or even totally lost for 
a moment. This total bhndnoss usually passes away more or less 
rapidly, leaving a fjuadrant-like defect in the upjjer or hiwer half of 
the field, according as it is tlie upper or lower branch of the artery 
that is affected. 

Oniinarily, these cases of emlmlisin of a branch of the central 
artery are accompanied by embolic processes in other jiarts of the 
body. 

Wlien, according to Dr. ICnapp, a primary branch of tlic artery is 
• ■■ 7*hcn(ler." 1866. p. 82. 
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L affected, there ie either a superior or inferior hemiopia, but wlien a 
[ Becondary hraneh only is oltBtruettKl, a sector-like defect is observed 
I Sn the upper or lower half of the tield. Tiie limitation, moreover. 
I occurs in such a way tliat one liorder-Iine of both tlie heniiopic and 
I Bector-like defect* coincides with tiie horizontal meridian,* 

Dr. Knapp reports, among several of these cases seen hy him, one 
wliieh there was a stoppage of the lower nasal lirancL. that was 
accompanied by a rather profnse htemorrliage wliicli occupied the 
section of the retina that was supplied by this di\4sion of the artery. t 
Dr. Knapp was inclined to look upcm these hiemorrhages as the visible 
'- expression of an infarctus, such as ocenrs in other parts of tlie body, 
and which took place according to the theory tlien lately promulgated 
by Cohnlieim. If tliis was really an infarctus, due to tlie causes alleged 
by Cohnheim, the wonder is tiiat it does not occur more frequently. 
There is nothing to show in the cases reported by Knapp, Landes- 
l berg, and Hoffman tiiat the hsemorrliage from tlie veins is not due 
to a primary disease of the veins themselves aud the result of throm- 
bosis of the central vein or its branches, in acconlance rather with 
the views of Litten than those of Cohnheim ; and I am more inclined 
to tliis view, as I have seen two eases in which there were all the 
I symptoms commonly attributed to em1>olism of a branch, including 
I the sector-like limitation of tlie tield where the arteries were not 
I reduced in size, and where later, when the acute (edema which sur- 
rounded the lower portion of the nerve had cleared up, there were 
i gradually developed over and around the lower branch of the princi- 
I pal vein the well-known signs of perivasculitis. 

Moreover, it would appear from the recorded cases that retinal 

I hfeniorrhages occur as frequently when the central trunk is obstructed 

8 when tliis takes place in a branch. Thus, according to tlie com- 

I piladons of Selinabel and Sachs, out of thirty-one cases of embolism 

I of tlie central tmnk tliere were fifteen cases of hieniorrhage, and out 

I of seven cases of some lateral branch there were three where extrava- 

I aations occurred. The percentage, therefore, is abont the same in each 

«e. 

It is claimed, also, tt^t in embolism of a branch an anastomosis 

I may occur, so that the vessel may become moderately if not entirely 

, fiUed.t 

CaptUaf]/ EmholUm and Thromho»ts. — The stoj»i»ge of the 
I smaller vessels and capillaries of the central system has l>een but little 
• " Archives of Ophthalmology," vol. iii, No. 1, p. 38. 
t Ihid.. vol. i. |.. 64. 
% Ihid., vol. liv. Ko. 2. p. 2flO. 
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commented upon a& an ophthalmoscopic sign and symptom, although 
it has been often suggested, us would naturally l>e the ease, tliat it 
must play an important rdle in certain fomis of inflammation of tlio 
deeper nieinbranee of the eye, eueh aa the choroid and retina. Thi» 
would lie partienlarly apt to be the caee in some fttrms of retinitis, 
such as the retinitis of Bright's disease and septic retinitis where plug- 
ging of the smaller vessels from septic emboU, including tlioee of 
micrococcal and t»aeterial origin, have boon noticed, microscopically 
at least, by many observers from Virchow in 1854 to tlie present day. 

These are. however, to be classed ratiier as forms of iuflaiimiatory 
disease than as a ^mple destruction to the circulation, and will, there- 
fore, be further dwelt npon under another heading. 

Thrombosis of the Central Veggeh. — Many years ago I reported 
five eases to the American Ophthalinological Society of sudden lose of 
vision in which the symptoms were so exactly like, or so nearly like 
those of eiubolism as to lead to this diagnosis ; made not only by my- 
self, but also by my eoUeaguee. Further consideration, however, in- 
duced me to change my opinion, and the cases were afterward published 
as examples of vasculitis in which tlie vessels had become obstructed by 
clots of blood or fibrin formed at the place of obstruction — or, in other 
words, that thrombosis had occurred in the retinal vessels or those 
derived from them.* It was not until five years afterward that this 
view of the matter was corroborated by Angelucci, who, in a case 
which presented all the symptoms of embolism, found on section of 
tlie eye that the cause of the trouble was due to thrombosis of the 
central vein. 

The following case — one of the five alluded to above and upon 
which the diagnosis of thrombosis was Ijascd — is given because it is 
supposed to embody some of the great principles of inflammatory 
action upon the vessels as seen with the ophthalmoscope, and l>ecau8e 
many of the elements wliich enter into it« composition are still under 
discussion : 

A, O., aged sixty-two, presented herself in December, 1S69, with 
the complaint that she was " blind in one eye." She had always been 
remarkably healthy, and had never had any previous ocular trouble. 
Three weeks Ijefore this, while standing perfectly still, sight in 
both eyes became suddenly obscured by a dense cloud, wliich, as 
she expressed it, had a " quivering motion." This was unaccompanied 
by any pain, and the sensations which the patient experienced at the 
time were exactly those which she had previously felt when about to 
faint, which had occasionally happened to her in former years. The 
• ■■ AiiiBricun Joumftl of the Medical Sciences," April, 1874, p. 818, 
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r clond passed away from the left eye almost immediately, vision becoiii- 
' ing at once as clear ae ever. The vision in the riglit remained so 
I much diminished that the patient could only tell light from darkness. 
During the tliree weeks between tlie ocenrrent-e of the trouble 
I and her visit to us vision improved a little at limes, but the iinprove- 
meut was only occasional, and then very transient. 




Externally the eyes presented nothing abnormal. The ophthal- 
moscopic examination showed that the media were jierfeetly clear. 
The optic disk was rather injected than pale, hnt not markedly so. Tlie 
I arteries were not much reduced in size, while the veins, on the con- 
I trary, were enomiously distended, and were without any double con- 
tour from their very commencement up to their exit from the globe. 
There were three ha'morrhagos. all of which were venous (see Fig. 21 ; 
also chromo-!ithograi)h, Plate II, Fig. 1), one of which waa evidently 
of recent origin, while the other two were manifestly of longer stand- 
ing, as the hiematiii had been absortied from them; they were, how- 
ever, of no great date, as eonid be told by their color. Tlie hipmorrhage 
of recent date was, as will be seen from the drawing, from one of the 
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principal branches of the central vein, and was close to the nerve ; the 
earlier tines were both at the periphery of the field, one being above, 
the other Iwhiw. There was no visible pulsation in either veins or 
arteriea under as strung a pressure ae it waa thought safe to ajiply. 
The clianges round the macula lut«a were tliose which are commonly 
described in a case of embolism, nioditied, of course, by the lapse of 
time since the atta<.'k liad occurred. The characteristic milky appisar- 
ance extended still for a considerable circuit round the macula, and 
the bright cherry-spot at its centre was very pronounced, tliougli it was 
larger titan is usually tlie case. The left eye was normal in every 
respect, and vision with the proper glass (-|~ ^) was fj ; nor waa there 
any limitation in the field of visiun. An examination uf the heart 
and kidneys showed nothing abnormal. The patient's bodily condi- 
tion seemed to be better than tlie average at lier time of life. 

From tlie sudden and almost total loss of vision in one eye only, 
unaccompanied by pain or any marked general or local symptom otlier 
than a slight faintness, and principally from the ophthalmoscopic 
appearances, the cause of the trouble was pronounced to be of an 
emljolic nature. Tlie progress of the disease was as follows : 

About a month after the first visit the large and fresh hiemorrhage 
had, together with the remains of the two earlier ones, been entirely 
absorbed, and the changes round the macula had disappeared. Tlie 
veins were less gorged and liad become somewhat spindle-shaped, 
being smaller at the nerve than at a short, distance from it. The size 
and appearance of the arteries had undergone little or no change, and 
the vision had not improved at all. The patient was now dismissed, 
with the belief that further treatment would be of no avail, but was 
told to repi>rt occasionally for oltservation. In two weeks, however, 
the patient again returned, saying that she had been attacked with 
sudden and violent pain in the eye, and on examination it waa found 
to be mucli injected, tlie pupil somewhat dilated, the bulb tense, and 
the media turbid. No view of the fundus could lie obtained, and the 
supposition was that there had l>eeii fresh hiemorrhages into the vitre- 
ous followed by glaucomatous symptoms. Immediate operative inter- 
ference waa opposed. The following day the anterior chamber was 
partially filled with blood, but the pain and tension were less, and 
from day to day the eye appeared to I>e gradually recovering from 
the attack. 

A month later, or two months after the first attack, the patient 
was again seized with violent pain in and around the eye, and when 
on tlie following day she visited us there were all the signs of an 
attack of acute glaucoma. As the eye was entirely sightlosB, ae the 
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pain was inteuM-, and as iridectomy cotdd only be a slight jmlliativc, 
it was determined tu enucleate tlie eye. Tlie opemtiim was performed 
by Dr. Agnew, and the eye given to Dr. F. Delatitild fur examina- 
tion, who kindly fumislied me with tlie following description. Ab 
it is one of the very few eyes which has come to a mieniscopic exam- 
ination in which eiiibohis was indicated, I give Dr. Delafield's account 

[ entire: 

" The eye was opened Iiy an equatorial section, immediately after 
ite extirpation. The cornea and lens are transparent. The vitreous 
a]ipears ti-ansparent with the exception of two siiiftll red etota in it. 
The retinal vessels can not be seen. The optic nerve is white. At the 
macula is a dark-colored spot ; in the fundus on the side opposite the 
macula is a long dark line, and near this a round dark spot. The eye 
was then hardened in potass, hichrum. 

" After hardening, the ^-itreous still ap^iears transparent, except at 
two points — & small sjwt over the pars eiliaris retime, and a larger spot 
at the equator. Both these ojtacities are caused by the ]»rt!eeiice of 
aliriveled, colorless, red blood-globules, mixed with line grannies, 
dtnoted in tlie vitreous ehise to the limitans hyloidea ; otherwise the 

■ vitreous presents no changes. The iris appears normal ; its vessels 
are for the moat part empty. The ciliary body appears normal ; tlie 
long veins rimning back to the choroid are rilled with red blood- 
globules. 

" In tlie retina the dark spots seen while the eye was fresh can no 
longer lie distinguished. There are seen, however, at the fundus a 
fiinall, irregular while spot and a white line. Both these appear to be 
due to tlie ]>re8enec of a thin layer of rine granules (degenerated 
blood), adhering to the internal surface of the limitans hyloidea. The 
dark color of the macula is due to an increasod pigmentation of the 

I choroid lieneath it. The rods and cones are badly preserved. The 
Otiter layers appear normal, except that in the nerve-fibre layer there 

I is an apparent atrophy of nerve fibres and increase of connective 

It tissue, especially around the vessels. The vessels are all small, but 

[ filled witli bhiod^lobules. 

" The choroid shows no change in the epithelial layer ; the short 
find long posterior ciliary arteries are empty, yomc of the large veins 
contain rod blo()d-gh>bules. Just behind the situation of the anterior 
clot in the %'itreous, several of the large choroidal veins are fillAI with 

1 homogeneous, rinely granular thrombi. The chorio-eapillaHs is empty. 

[ In tlie stroma of the choroid, between the vessels, are a numl>er of 

I little aggregations of lymphoid cells. Tliese occur at many different 
points in the choroid. In the optic nerve the artery and vein are 
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nearly empty ; the laiiiiaa oribrosa appears to contain an excessive 
amount of fibres and round celk." 

Tlie patient made a rapid recovery from tlie enueleation, and in a 
few weeks was dismisHed from obi^iervation, able to use tlie remaining 
eye, in wliicb vision was 1. to all intents and purposes as well as ever. 

Notliing was licard of tlie carte till about a year and a half after 
the operation, wlieii I learned incidentally from the family physician 
that the patient had recently died, 1 heard that after passing from 
our care the patient had enjoyed good health, and luwl eomplained of 
nothing till within three or fonr months of her death, when she began 
to )>e troubled with ]>ociiliar eeiisatious in the left leg, which at that 
time began to show signs of swelling with (edema, remaining, however, 
firm to the touch. The trouble in the leg gradually increased, extend- 
ing from the foot up, until just l>efore the patient's deatli it had 
assumed all the characteristie signs of phlebitis or " milk-leg." There 
were at tliis time physical signs of heart disease, wliicli, as they were 
not present when the examination was imule in regard to the trouble 
in the eye, were supposed by her physician to he secondary to the 
trouble in the leg, and due to some impediment in the circulation. 
Immediately after this tlie patient was seized with ajxiplexy and died. 

The sudden loss of sight in the left eye, and the peculiar ophthal- 
moscopic signs in tlie neighborhood of the macula, point strongly 
toward what has been hitherto looked upon as emlwlisni of the central 
artery. There are several things, however, which need to be taken 
into consideration. Tlie milky whiteness at the macula and the cherry- 
red spot are nut, as has lieen said, pathognomonic of eint>olism, for 
they ocenr in other affections. 

A very strong argument against embolism is the condition of the 
vessels. It would, from the very nature of the case, Iw expected that, 
in occlusion of the central artery by an emlxtlus, not only the main 
trunk, but all the branches would be either wholly empty or very 
much reduced in size ; such, indeed, was the fact with Graefe's 
faTuous case, which led to the discovery of embolism, and so it liaa 
Iteen with all the cases, with few exceptions, since reported. 

Indeed, this has been always looked upon as the most prominent 
diagnostic mark of the affection. It was very different here, for, 
although the arteries did not ap|%ar as full as they shoidd in a per- 
fectly normal eye, tliere was not only no marked reducti<m in size, 
but there was even reason tt) Itelieve that the apparent want of diame- 
ter was due rather to contrast with the abnormally increased veins 
than to any actual diinimition in the size of the arteries themselves. 
It is very tnie that the arteries might have regained what was nearly 
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tlieir normal size by tlie circnlation being re-establislied, between the 
time of the attuck and the first exaniiuiition, which was made, it will 
be rtiiiieiul>ered, nearly three weeks after the eeiznre. This would l>e 
ample time for the restoration of the circulation. This might take 
plate either through the natural i>assages or through an anastomosis, 
08 lias been alleged to occur hy some observers in those ca«es in which 
the vessels do not show any material reduction of size. The condi- 
tion of tlie veins differed too from what is usual in embolism of the 
central artery, for in the cases hitherto reported marked stasis has 
been absent. Here, on the contrary, great im[>edimeiits to the venous 
circulaticm. with great engorgement of the veins and subsytjuent rupt- 
ure, are very prominent syniptonis. 

Tile history of the case, both lieforo and after tlie attack, seems to 
be against embolism, or at least diifei-eut from what would lead us 
a priori to such a diagnosis. The patient bad never been subject to 
rhenmatism or any other disease which would lead to a favorable 
condition for the production of emboli. The heart was jMBrfectly 
normal at the time of the attack, and remained so long after the 
patient jtassed from treatment. 

The progress of the diseaae, though similar in its early stages to 
embolism, was very different from it later on. It will be remembered 
that, like embolism, the attack was iisbered in by sudden blindness, 
and that the oj»lithalmoscopic appearances were in some respects simi- 
lar to, if not identical mtli, those usually attribnted to tliat disease. 

Further, the tedema in the retina, as is usually the case, cleared 
up, the hajmorrhages were absorbed, and the veins regained almost 
their normal condition, tlie last examination showing in fact that, 
ophtlialmoscopically, the fundus differed but little from a healthy eye. 
Here, however, the resemblance stop,?, for the eye, instead of remain- 
ing quiet, as has liitherto been the case with embolism, underwent a 
second attack, the conjunctiva aud subconjunctival tissue Itecame 
inflamed, there was intense pain with bleeding into the vitreous, 
hardness of the glolie, and all tlie symptoms common to a glaucoma- 
tona attack, the huemorrhages this time evidently being from the cuo- 
foid and not from the retina. Was this second attack due to a second 
embolism, and the third to a third i 

Tliis is certainly not the clinical history of emlx)lism of tlie cen- 
tral artery, and if it was not embolism, what was it ? Wliat other 
disease conld have produced sudden total blindness with this train of 
Bymptonis \ Certaiidy not simple retinitis Inemorrhagica. Nor does 
it appear at all likely that any form of nenritis or retinitis could so 
suddenly develop itself ae to destroy vision in a single moiuent ; such 
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is never tlie case. The complete and iiistHiitaneous blindness could 
Iiardly eoiiie but from one cause, and was iin doubt due, from ito very 
nature, to a sudden arrest of the circulation. This being the caeo, 
wltat otlier disease excepting embolism could produce tlut stoppage? 
And the answer is, phlebitis with thrombosis. 

Might not this attack in tlie eye be the first expression of a com- 
ing, and more general, trouble in tlie minute branches of the circula- 
tory system at large! A trouble which showed itself tirst by an 
impediment in the retinal circulation relieved by sul>aequent haemor- 
rhage, to be followed by precisely the same condition in the choroid, 
to be followed again by the same condition in the circulation of the 
lower extremities, to l>e followed in its turn by the same condition in 
the circulation of the head. 

It may be asserted that all tlie phenomena presented in th6 differ- 
ent parts of the body may be exjilained by successive emboli occur- 
ing in the various regions affected. This may be true, but, so far as 
the eye is concerned, the condition of the vessels was not sueli as is 
usually described with embolistii, for tlie artery, instead of l)eing 
empty, was as full as in a state of health, and this could hardly have 
been I»roiiglit about either by a collateral circulation or by regui^ita- 
tion of venous blood. The condition in the lower extremities waa 
one ratlier of a chronic or slowly progressing inflammatory action 
than the sudden stopping of the circulation by an embolus. More- 
over, at the section of tlie eye no embolus was foimd in the central 
artery, and tlirombi were found in the choroidal vessels. 

Finally, the only symptom which seems to be aljsolutely patliogno- 
monic of embolism, and of that only, is the sudden hUndjieas. Is, 
then, sudden blindness always due to emlmlism ( and might not tliie 
lie explained as the flnal result of a series of processes which had 
lieen smoldering for some time, and which had ended in a stoppage, 
or at lea^t in a reduction, of the circulation? This sudden shutting 
down of the circulation occurs in other parts of the Iwdy. and why 
not in the eye ? A rapid transudation of serum fmm the capillaritts 
and small vessels might so interfere with the fluidity of the blood as 
to render it unfit for circulation, or the stoppage might lie brought 
about by some antagonistic condition of the walls of the vessels ttiem- 
selves. In a membrane so delicate as the retina, and one which the 
simplest experiment proves is so absolutely de|)endent on the circula- 
tiou for the [x'rformaace of its function, the slightest disturbanoft 
might serve to overthrow the equilibrium of tlie circulation, and thus 
bring on, just as Donders's experiment does, almost instantaneons 
hliiidiiesa. Fox and Brailey have since reported a similar case in 
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which thrombosis is supposed to have reKiilted from primary iiifliini- 
ination in which there was iiiicroecopical evidence of thrombosis of 
two veins.* 

The following ca»e would eeein to ine to be one of this natnre anil 
to represent an exajn])le of acute atdeiua into the retina asftofnated 
with an arrest of the eirciilatioit — a transudation whicli was probably 
favored, if not caused, by a diseased condition of tlie vessels : 

J. B. D., aged forty-seven, physician, at two years of age had a 
severe attack of acute rheumatism, by which all the joints of the 
hand were enlarged and several anchylosed. At the age of nineteen 
he had another attack of rljcmnatism, which laid liini up for three 
years and left him a " perfect wreck." Tlie patient has never liad, 
til! very recently, any other disonler. In January, 1847, he first 
noticed a trouble in the eye. lie was engaged in conversation, wlieii 
a black cloud passed over his left eye ; closing the right, he found he 
was perfectly blind in the left. The blindness passed off in a minute 
or two, when vision became as clear as ever. Just prior to this 
attack he had severe pain over the left brow. After a week had 
passed the patient hafl precisely a similar attack without any pain, 
tlie eye becoming totally blind, and after a minute or two sight re- 
turning as good as ever. From this time forward until tlie present 
moment the patient has had rej>eat«d attacks of the same nature, 
sometimes daily and then again not for weeks or months. He lie- 
came BO accustomed to their recurrence that he paid very httle atten- 
tion to tliem, though when sitting quietly he would often cover the 
right eye and watch the sight return in the left. Tliese attacks, since 
1S47, have been too numerous, he says, to " keep count of." Until 
within this year (1871) the patient's general health has lieen better 
than usual, and he has had no rlieiunatism. In February of the same 
year he had a severe attack of facial erysipelas, from which ho suf- 
fered great pain. lie recovered from this in due time, and was 
ready to leave liis sick-room, when lie was taken by a very sudden 
attack of dropsy. lie went to bed apparently as well as usual, and on 
tlie next morning was astonished and alanned at finding his belly 
immensely distended, and measuring fifty-seven inches in circumfer- 
ence. His urine was examined at the time ; albumen was found, but 
no casts. Recovering from this, he gradually resumed his practice, 
and was engaged in this at the time of the present trouble, for which 
he consulted me in September, 1871. 

Three days before this the patient was sitting quietly, talking, 
when the left eye suddenly tiecame obscured. Thinking that the 
• ■' Ophlh. nosp. Rep.." vol. s.. Part II.. p. 305. 
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sight would return again, as it alwaj-B had, the jtatient paid very 
little attention to it. But on this ot'casiou the sight ilid not rctnm 
till the foJlowiitg day, and then only in a reduced degree, and only 
for a muiiieut, when it suddenly left him again. Becoming alarmed, 
he consulted an oculist, who, from the suddenness of the blindness, 
and from tlie pecnliar ophthalmoscopic picture, proiiouilced it a case 
of embolism, although there was no reduction of the calibre of the 
vessels, which might be explained on the grouud of an anastomosis 
having taken place. 

When seen by me, rision was reduced ti> quantitative perception of 
light in a small portion of the upward tield. The opli thai moeco pic 




picture (Fig. 22, also chromolithograph, Plate II. Fig. 2) was the 
most remarkable that I have ever seen. At first Kighl the entire retina 
seemed to have a milky-white appearance. The outlines of the optic 
nerve were obliterated, and its position only made apparent by the 
convergence of the vessels at the porus opticus. On closer inspection, 
however, a faint red reflex of the choroid could l>e got at the lower 
periphery of the fundus, and at the macula was the characteristic 
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bright cherry-colored spot. Tlie veseels were of tlie usual size, and 
tliere waa no sign of a,ny interruptiim in tliem, or reduction, in any 
place, in their diameter. On tlie contrary, while tlie arteries api)eared 
of their usual dimensions, the veina, if anything, seemed to he dis- 
tended. 

There was .no light streak ^■isihle on any of the principal trunks 
or any of tlie hranches. The oedema was so great as to give the ap- 
pearance of red veBseU running on a white ground. 

Aji exauiinatioii of the uriue showed a slight amount of alhunien 
bnt no casts, and tliere was, according to an expert wlio examined tlie 
heart, " an obstraetion at the aortic orifice and cousequent hypertrophy 
of the left ventricle, withont, liowever, regurgitation at the aortic or 
mitral valves, and without dilatation." 

With such Bj-mptoms. and with such an ophthalmoscopic picture, 
the diagnosis of embolism would, of course, 1)e the first to suggest 
itself. But here, as in tlie other case, tliere are weiglity ohjections 
against it. 

In the fii>t place, if it were embolism, liow could it be possible 
that precisely similar attacks, so far as the rational signs were con- 
cerned, had occurred over and over again for a long series of years, 
and were at one time of weekly or even of daily occurrence ? At- 
tacks which, so far as the patient could tell, ouly varied from the last 
one in the fact that the blindness invariably disappeared after a short 
inler\-al instead of remaining, as in the present instance, jfermaiieiit. 
This could only happen in these " almost countless " attacks under the 
supposition that the plug had rested for a moment, stopping the cir- 
culation, and had then l>een dislodged so as to allow the circulation to 
be entirely restored, Ahnost absolute blindness could only he brought 
about, if due to embolism, by a plug in the trunk of the central artei-y, 
and the only place it could l>e dislodged from, so as to permit tlie cir- 
culation to be restored, would be from the very mouth of the central 
artery, just where it is given off from the ophthalmic. Once fairly 
within the orifice, it could only be driven farther and farther into the 
eye, as there is no collateral and anastomosing branch siitiicient to 
receive it, and the blindnesa would, as is usual in cases of true embo- 
lism, be permanent. It would certainly seem to pass belief that such 
a tiling could occur over and over again, for the space of twenty-five 
years, and be due to a real embolism. Tlius the explanation hitherto 
given for the restoration of vision by the dislodgnient of the plug is 
not applicable here, if it ever were. 

Then, again, tlie condition of the vessels only twenty-four hours 
after the attack is against embolism, as no reduction in size was ajjpar- 
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erit, and the explanation of this fact Iiy supposing tliat tlie arteries 
had regained their nonnal diameter thrungh an anastoino^iH, in bo 
sliort a time, seems to be untenable either from tlieir actual ap]>ear- 
auce or from tlieir subsefiuent beliavior. For we would Btippoec 
that, if tlie current had been restored through anastomogis, the longer 
the interval after the attack, the fuller tlie vessels would lieconie, and 
that if, as in this case, the anastoniosia had been sufficient to efltablieli 
the nonnal size of the vessels, this would have been maintained. 
tiufl]. however, was not the case, for the vessels began to graduatly 




diminish from week to week till in about six weeks after the attack 
the secondary liranchea had, in some places, faded awaj. or bad become 
of thread-like thinness, while along the principal branches longitudi- 
nal white Itands were formed, and there was a hyperplasia of connect- 
ive tissue in and around the nerve, which, together with the retina, 
passed gradually into a state of atrophy. In two places a tliread-Iike 
vessel could le followed from one of the larger branches of the upper 
and lower veins for a considerable 8i)ace, when it very rapidly increased 
in size for a short distance to Iwconie again suddenly filifonn, and 
then untraceable. (Fig, 23, also chromo-litbograph. Plate III, Fig. 1.) 
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Ab tiie rest of the vessels were either empty or nearly 60, these dis- 
tended portiuiis were Hupposed to be blood coogula within the walls 
of til e vessels. 

It is very evident, from the white Iwinds running along the vessels, 
and their snhaeiiueiit atrophy, that the vascular system itself was 
severely atfefttd, and that the signs atiove alluded to were the results 
of vasculitiK and peri vaecii litis, in which the veins were principally 
affected. Now, whether this was secondary to a stoppage in the cir- 
culation by an embolism in the art«ry, or whether the condition of the 
vessels themselves was the cause of the arrest, is the question. I am 
inclined to the latter view, aa already pointt^d out, from the behavior 
of the vessels. 

It would not appear tliat either the retina or choroid was prima- 
rily affected, but that tlie changes which took place in them were 
secondary, since there were none of tlie active signs of indanmiatioii 
in either the retina itself or in tlie nerve ; there was no swelling or 
congestion of this latter, nor plaques or swelling in the retina itself. 
Betiides, instantaneous blindness would not be apt to come from a 
simple retinitis or neuritis. 

The most striking feature of tlie whole case was, however, the 
pronounced (edema, which, intense as it was, had the appearance of 
l>eing, and no doubt was, due to a very profuse and rapid transuda- 
tion of the watery eontenta of the vessels into the surrounding tissue ; 
and the idea at once suggested itself, from the fact that the patient 
had had so sudden aiul extensive an effusion into the peritoneal cavity, 
that perliaps a similar condition of the vessels had produced a similar 
result in the eye ; and that, secondary to the obstruction at the heart, 
tliere might have sprung up some morbid condition of the walls of 
tlie minute vessels and capillaries antagonistic to a free and rapid cir- 
culation of the blood, and favorable to a profuse exudation of serum 
into the surrounding tissue, should an arrest of the circulation take 
place from any cause. This sudden arrest of the circulation takes 
place in other parts of the InHly. and why not in the' eye i 

Might it not happen that, just as, in the preceding case, there had 
been an active phlebitis in the eye followed by that in tlie extremities, 
BO in this case there had been a phlebitis of a lower type with no 
hiemorrhages, but with passive exudation followed by secondary atro- 
phy, witli the signs of intra and perivasculitis t Or it might l>e that 
tlie oedema was the primary cause of the trouble, and that from a 
morbidly relaxed condition of the walls such an extensive exudation 
had taken place tliat recovery was imjTOssible Itefore secondary changes 
took place. May not, after all, the heart be the seat of the true cause 
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of not onJy this laet, but of the preceding temporary attacks of blind- 
ness 1 It \rill i;e rerneinliered tliat there was obstruction at the aortic 
orifice, and in a feeble and niarasmic patient might it not occur tliat 
for a moment or two the action of tlie heart sliould Ik so reduced tliat 
it could not force the blood through the obstructefl aortic orifice with 
BiifHcient power to reach bo distant an out-post of the general circula- 
tion as tliat of the retina, in which any reduction of the blood supply 
is at once followed by a corresponding degree of blindness — so nmeli 
BO tliat a little external pressure on the glolw will produce it '{ So too 
in Bjncope, one of the earliest symptoms is a rapid ol>sc«ration of 
sight, Aiiaimia of the retina will invariably produce sudden blind- 
ness, and there may liave Ijeen some anatomical (;ondition which would 
make it, in this case, more difficult for the heart to force tlie blood 
into the left eye than the right, and hence would account for tlie 
recurring blindness always taking phice in the left and never in the 
right. 

Supposing a momentary reduction of tlie heart's beat did take 
place, ami then, after a few feeble efforts, the heart recovering ita 
tone, the cii-eulation was restored again to its natural force, vision 
would then return, just as it did in this case, over and over again. But 
how can this fact be explained by embolism J 

And, finally, may not this last attack, in which the blindness be- 
came itermatient, be similar in cause as it was in effect to tlie precediug 
ones, and be but an exaggerated expression of precisely the same con- 
dition '( 

It might well be that for a moment little or no blood from a more 
pronounced reduction of the heart's beat passed into the central artery 
of the retina, and that, this being a terminal artery, there was a reflux 
from the veins into the arteries as soon as the pressure was taken off 
from behind ; and that the circulation, instead of l)eing restored at 
once as in the other cases, was not re-established till tiecondary ])ro- 
cesses had been set in progress, which not only maintained the tem- 
porary and functional loss of vision, hut which led to organic changes 
with pennanent loss of sight. 

Since the publication of this case Nettlesljip has also called atten- 
tion to two similar cases, characterized by repeateil paroxysmal failure 
of sight in connection with heart disease. In the first case there were 
transient attacks of loss of vh\on in the right eye, followed by per- 
manent blindness, with the ophthalmoscopic signs of arterial blocking. 
Sultsefjuently there were many temporary attacks of loss of vision in 
the left eye, with contraction of the visual field. There waa mttral 
steuosiB. 
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In the eecond case there was bliiKlnese of the left eye, with changes, 
the result of retinal hffiiuorrhage and ihromboBis. Aft*.Tward tliere 
were repeated attacks of blinduesB of the right eye and contraction of 
the vieiial fieM, with email opacities in the vitreous body, spontaneous 
arterial pulsation, and severe aortic disease.* 

The first case reported by Angelttcci, in wliich a thrombus was 
found on section in the centml vein, was as follows : 

A young man of twenty-three became suddenly blind in the left 
eye wliile at work. He van eufiering from stenosis of tlie mitral aud 
aortic valves. His other organs were sound. 

The ophthalmoscopic examination of the left eye, in wliich tlie 
blindness was, showed that the borders of the disk were somewhat 
irregular and of a moderately white color. The arteries were nar- 
rower than normal. The veins were dilated and somewhat tortuous 
for tlieir entire extent. There were no retinal haimorrhageg in this 
eye, in "wliich there was no perception of light. In die right eye the 
vessels were, upon the whole, of normal calibre. In immediate con- 
nection with a small arterial branch which ran toward tlie tem|M)raI 
side there was a small triangular h^jnorrhage, which was the only oue 
present in the entire fundus. 

The autopsy showed a spot of softening in the cortical substance 
of the left hemisphere, dilatation and hypertrophy of the left side of 
tlie heart, with signs of endocanlitie, stasis in the vessels of the hver 
and infarctions in the spleen, and hyperibmia in the alunentary canal. 

Micrmeopieal Examinatiim. — That of the left eye (Fig. 24) 
showed that the central vein was somewhat dilated and closely em- 
braced the artery. At the outer border of the lamina cribrosa, and 
about oue millimetre from the retina, the vessel was entirely closed 
by a tlirombus which, in its unstained condition, consisted of a 
strongly glittering fibrinous plug {Fig. 24, T/i). This was attached 
BO firmly to the intinia of the vein that a shar]) limitation Ijetween 
the two conld not he detected. 

The artery was seen to he full of blood. There was a copious 
exudation in the neighborhood of the thi-orahus, which was made up 
of a dense collection of Ij-niphoid cells and red blood-corpuscles ( Fig. 
24, /). This accompanied the central vessels only for a short distance 
(0'5 millimeter), but stretched out here and there in different degi-ecB 
of intensity between the fibres of tlie optic nerve. The thrombus had 
the appearance as if it was beginning to become organized. Fig. 25 
shows a cross-section. There was nothing abnormal in the walls of 
the artery, with the exception that the muscular coat was somewhat 
• "British MeUical Journal," Jiiiiu U. 1870. p. &S0. 
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tliickened. Tliis oroas-section aleo contained blood. The wall of tlie 
veiu, on tlie contrary, waa three timeB ^ tliick a« uoruml, and formed 




Fig. 24. 

i\ broad rinji U'Ofi niillimeteps in diameter (Fig. 25, V). Wliether 
tills tliifkening was due to a pre-existing chronic intlaniniation or to 
acute cedeniatoufi swelling could not be told. It wha, however, ap- 
parently dne to tlie former. 

There were, moreover, signs of acute inflammation, not only in 
one but in several places, cBpecially where the veins emerged from the 
nerve. Here were found congregations of round cells, both in tlie 
wall itself and in the jierivascular l3ini)h spaces which were here and 
there dilated, and also beyond them in the surronnding tissae of the 
vessils. This inJiammatory intil tration extended into the emaller venous 
twigs and those of a capillary character. 

The endothelium of the veins was intact throtighout (Fig. 25,p v). 
Some of the smaller vessels of the retina were enlarged, but, besides 
this, there were no other changes, and there were absolutely no hflEinor- 
rhages or remains of pigment. As a conseiinence of a disturbance of 
tlie circulation, the first thing to l>e noticed was the atrophy of the 
papilla and optic nerve. The single nerve bundles, as can be plainly 
seen in the transverse section, were surrounded by a broad lymph B|)ftce 
(Fig. 25, Z), and the lympliatic sheath of the entire nerve was consid- 
erably tluckened. 

It follows directly from the examination that the veins were 
iiflfected by a juimary disease, and that tlie cliangee were due tn phle- 
bitis and were not simply a consequence of the thrombus. This fol- 
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lows, also, directly from the exanuiiatiou of the fellow-eye. In tliat 
eye tlie exophthalraosuopic examination revealed some hiemorrliagea 
whifJi were aliown afterward to be situated in the external granular 
layer. There was, however, no tlironibtis found at all in this eye, so 
that the intlammatory s^TnptoiHB could not have been excited by a 
thromliiu). There was, however, a pronounced plilcbitie, with thick- 
euiiig of the walls of the vein and agjjregations of round cells. Tliis 
phlebitis, however, did not extend to the entire circnniferencf of the 
vcesel, but limited itself to single small sections of it. The process in 
tliis eye was precisely like that which has Iteen described as taking 
place in the left eye, only lesa in degree, probably Ijecanse it was ex- 
amined in an earlier stage of the disease.* 

Here we have a most remarkable condition of circumstances, 
namely, a jiatient with heart-disease, endocarditis and valvular soft- 
eniiig^the very subject for embolic processes. With this we have 
the sudden blindness accompanied with the ophthalmoscopic signs 
usually attributed to embolism, and yet the antopsy shows that not 
only was there no embolus jtresent, but tliat the arteries were not even 
diseased, while in the second case examined by Angelucei a thrombus 




i found in the central vein l>et'm 
I -cribrosa, and the veins were diseased. 

All this is most important, and I » 
[ iul perusal of tlio original. 
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This case wonld, uioreover, aeem to me to be a [lerfeot ooprobora- 
tion of the correctness of the diagnosis of throinlKfuis applied by ine 
to the cases published some few years prior to the microscopicEl in- 
vestigation!! of Augelucci, 

In 1ST8 Michel published some caecs of thrombosis of the central 
vein which differed from those re]>orted by myself and Angelucci in 
the fact that the phlebitis was of a more pronomifed degree and the 
ophthahiKJSCopic «yiiiptoms were of a more intlanmiatory character. 

Out of tlie seven cases reported l)y Michel the trouhle occurred 
in only one eye with tlie exception of a single case. Tlie patients 
were all Itetween fifty-one and eighty-one years of age, and in all, 
witliout an exception, there was sclerosis of the peripherical arteries. 
In many there was emphysema, and in a few hypertrophy of the left 
or right ventricle. 

The attack was always of a sudden natnre, the blindness usually 
coming on over night, with no prodromes, and in tlie beginning with 
no subjective syinptoina. 

In general, the commencement of the disease shows a great simi- 
larity to embolism, bat the vision is never so completely lost, and has 
a greater tefidency to improve in the course of the disease, although 
only in a temporary manner. The loss of vision is in proportion to 
the development of the anatomical cause, and tlie im]>rovement in 
vision is also in proportion to its removal, and when this takes place 
sight often improves to a degree that is out of proportion to the 
ophthalmoscopic appearances which for a long time may remain the 

Michel recognizes tliree degrees of tlie trouble : 1st, A complete 
closure of the central vein. 2d, An iiicomplets one. 3d, One of so 
trifling a degree that simple stasis in the venous system only results. 
One of tliese degrees can pass into another, and tlie two first can be 
formed from the last. 

In the first intensity the optic nerve and surrounding retina 
ap]jear filled with suifused blood. The contours of the nerve are in- 
distinct, and there are sometimes, besides the sanguinary suffusion, 
isolate*! hiemorrhages of a tongue-like character which follow tlie 
striated direction of tlie nerve fibres, and are situated at a little dis- 
tance from the disk (Fig. 2b}. Near the nerve botli arteries and veins 
are lost to view ; beyond this the venous branches so predominate in 
their conspicuousnees over tlie arteries that these latter are hardlj 
to be trace<l. 

Tlie principal veins are very tortuous, and in certain sections have 
a eausage-Uke appearance, and they are about doulilc their usual size 
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and have a blackish-red cohir. This dark color of the blood-coluniji 
e Bonietimes interrupted iu its course, eo that one got6 the impression 
of a longer blood-clot, which is broken hi one or more places by fluid 
blood. Tlie diameter of the vessel is increased at tliis sj)ot, eo that 
broader sections alternate with narrower ones. Occasionallv the inter- 
ruption is complete, and tliis j-Hiirtion then shows a yellowish-white 
color, which is to be looked upon as a collection of white blood-cor- 
pHBcles. There are also often aigns of a grayish discoloration of the 
retinal tiastie in the neighborhood of the vessels, and these latter are 
at times accompanied by white stripes. 




In the region of the macula tliere is usually at a very early date a 
grayish or yellowish white discoloration with a red sjxtt in the centre, 
wliich is to be looked upon as an actual htemorrhage, since it very 
Boon undergoes change* in form. 

The second degree, where the stoppage is incomplete, is like the 
first, only less intensified. The hicniorrhages are more striated and 
are also situated within tlie surface of the disk, while the vessels can 
be traced to the poms opticus. 

Di the third degree, or that in which there is only simple stasis, 
the extravasations are few, and the most conspicuous feature is the 
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f;r(!ftt diserepanej botween tlie size of tLe veins and that of the 
arleries. The veins are imich dilated, tortuous and of a duup and 
dark-red color— imich inort; so Uiaii is ever noticed in veuous atase, in 
consequence of inllamumtor; changes in the nerve. Besides the few 
ordinary liteniorrha^^es uf a tongue-like character, tliere are small 
round hienmrrhages in the j>eri]iherj' of the field. There are very 
few or no changes at the macula. 

In these cases either tlie thrombus may become organized and the 
lumen completely clo«ed, or tlie lumen may be either j>artially or en- 
tirely restored. 

When the closure of the vein is complete:, the diffuse red color of 
the nerve and surrounding region undergoes a partial resoqition. The 
edges of the nerve become a little clearer. The ccclijTnoses get smaller. 
The veins can l>e traced nearer to the disif, but always maintain tlieir 
dark culor. The arteries, like the veins, become more visible and 
nK)re tajiering as they approach the disk. Secondary hajinorrhagea 
may now occur with concurrent loss in vision. Tlie ritreous becomes 
clouded by a dijfuse opacity, and what are known as retinal strings 
make their appearance in the tissue of the retina. 

In the second intensity of the trouble new extntva^iations take place 
just after a l>etter tilling of the vessels could he proved to liave occurred 
with the ophthalinosco])e. The oplithalrnoscopic appearances liecome 
less marked, the hfemorrliages are somewhat al»orl>ed, and liecome of 
a light-yellow color. This discoloration shows itself first and strongest 
in the centre of the round ecchymosis, so that there is a yellowish 
centre surrounded by a ha'morrhagic peripliery of a blnod-red color. 
This yellowish centre is prfthably due to fatty degeneration. This 
elmnge also takes place in the smaller extravasations to such a degree 
soinetunes that all the region l>etwecn the nerve and macula is filled 
with small yellowisli spots. At the macula there often appears a 
larger hiemorrhage of an irregular shape, and the entire region of the 
yellow spot is marked hy a grayish infiltration. There is no swelling 
of tlie nerve. 

There is certainly a strong resemhlanco l)etween the picture here 
deseritied and that which is found in some forms of neuritis, espe- 
cially neuritis descendens. There is this difference, however, that the 
arteries are very narrow, sometimes threadlike, while the veins are 
excessively dilated and contain a very dark blood. The veins seem, 
moreover, to be cut off abruptly in their course, as if they suddenly 
entered into nntransparent tissue (Fig. 2"), and thun after a wliile just 
as suddenly appear again. At all these places there is an actual up- 
heaving of the tissue of the retina, so as to produce a rolling surface 
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Mfith alternate elevations and depressions. A small number of pniieti- 
fonn and floeculent opacities are found in tlie vitreous. 

In tlie third variety, where simple stasis occurs and wheru tlit- 
Inmen remains open, perfect resolution may take place, and tlie ex- 
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travaeations may be absorbed without leaving any trace. The con- 
tours of the nerve become sharply defined again, and there only 
remains a slight discrepancy in the size of the vessels, the arteries 
being a trifle smaller and the veins a, trifle larger than normal and of 
A deeper and darker color. But it must be remembered that the dis- 
turbance to the circulation, although a temporary one, always lea^'es 
the disk whiter, which after a time apjiears of an atropliic character. 
The vision always remains somewhat, oftentimes considerably, im- 
paired. The intra-ocular tension is never increased in any of these 
varieties. 

Microscopical Examination. — The eye examined by Michel 
showed that there was a thrombus, which was completely organized, 
in the central vein. Tliis was situated at alwut six millimetres from 
the entrance of tlie optic nerve into the hulb, and extended np to 
within three or four millimetres of the exit of the vein. The arteriea 
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showed only a eliglit increase in the adventitia in breadth, tlie intinia 
was intact, and the lumea was entirely free (Fig. 28 A). There wa«, on 
the otlier hand, complete closure of the vein at the ajjot wliere the 
thrombufl was formed (Fig. 28 T.) The lunieu of the vein was 
tilled out with a mass which was rich in nuclei, protoplasmic aggre- 
gationa containing large nuclei, and white blood-corpuscles. The 
mass, where it touched the vein, was for the greater part adherent to 
ita inner wall (Fig. 28 V). 

The walls of the vein wore moderately thickened, and the thrombus 
extended for about one and a half milhmetre. 

The co;inective tissue, upon tlie inside of the central canal, instead 
of being open and loose, was very tliick and close. 'The nerve-fibres 
were atrophic. The vitreous was much changed, and tliere were many 
vessels of new formation, and membranous strings. 
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Tlie thrombus was probably due to tlie hypertrophy of the endo- 
thelium of the vein, but whether the change in the inner wall of the 
vessel was the first step, or whether there was a primary coagulation 
which caused an irritation to tlie wall, and through tliis a proliferation 
of the endothelium, eonld not be definitely determined.* 

Thromhosis of the Central Artery. — So far as I know, there has 
been no case of pure thrombosis of the retinal artery which has as yet 
lieen admitted to lie such under microscopical investigation. All tlie 
cases of occlusion of the artery have been declared liitherto — by their 
authors, at least — to be due to embolism, in contradistinction to throm- 
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bosis, but it must be admitted that, a priori,, there is no reason wby 
tltroinboHis should not occur, and very prolmbly some, if not most, of 
tbe cases whicli, on section, have been reported as embolism have Iweii 
due to thrombosis — notably those by Sichel, Nettlesliip. Schuabel, and 
Sae]is. 

In other words. I am still of the opinion tliat I lield some dozen 
years ago, " that, in tbe train of symptoms classed under tlie title of 
embolism, too much significance has been laid jipon tho stoppage of 
the circnlation by tbe importation of a plug formed at a distance, while 
not enough stress has been laid upon the mechanical actions regulating 
the supply of the blood within tlio eye, b« well as upon the conditions 
of the walls of the vessels themselves, and their contents." * 

Priestly Smith, partaking of this opinion, lias lately laid down 
the following data for a differential diagnosis between cmbohsni and 
tlirombosis : 

In thrombosis we have : 

(».) Previous attack of transient blindness in the blind eye. 

($.) A simultaneous attack of transient bhndness in the fellow- 
eye. 

(c.) Previous or subsequent attacks of transient blindness in the 
fellow-eye, especially if the conditions of the onset were the same in 
the pennaneut as in the transient attacks. 

(rf.) Signs of disturbance of the cerebral .circulation at tho onset tif 
the blindness, giddiness, faintness, and headache. 

In embolism we have : 

{a.) Absence of transient attacks of blindness, either in the blind 
or in the fellow-eye. 

(ft.) Al)sence of giddiness, faintness, or jjain at this luoineut of 
onset. 

It most be admitted that tlie distinctions here made are not very 
numerous or very decisive, but at any rato they will serve to call at- 
tention to a supposed difference in origin until more essential and 
more characteristic differentiations can be made by future anatomical 
investigations. 

Thrombosh from Uteriiw Disorders. — That tlie puerperal state 
and menstrual irregularities occasionally gave rise to either transient 
or permanent loss of vision M'as known e^'en Iti pre-ophthalmoscopic 
times. It has usually l)een attributed, even in later times, to some 
central origin, or to retinitis albuminurica, or retro-bulbar neuritis; 
but that it may he caused by arrested retinal circulation and throm- 
bosis within the eye, the following case would go to show. It forms 
* " American JoumkI ot the Hetlicnl Sciences," 1874, p. 3S8, 
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one of the aeritw alrea*iy alluded to a« published, in wiiieli the physical 
ami rational signs reBemliled those uf ttmlKilisin, 

A- U., widow, twenty-six yearu of age, tia» always liad ordinarily 
fjood health, hnt has never been very robust. Has always menstruatei] 
regularly. TIte last time that this occurred the flow euntiuued only 
two days, instead of for one week, as wa« iisnal witli her; at the same 
time she was sutTering somewhat from constipation. On the day fol- 
lowing the appearance of the menses she was sitting, in the evening, 
looking at the gae-liglit for some minutes, when suddenly a dark cloud 
passed over her right eye, and, on closing tlie left, she found herself 
entirely blind. After a little while, however, a strong i)ercei)tion of 
light returned, which was followed, after a time, by the ability to see 
very large objects, very indistinctly, however, and nniy when placed 
far to tlio right. f)n examination, both eyes appeared externally per- 




fectly normal, as was, indeed, the left, in every respect, with vision 
= 1. The right eye had merely perception of light. The ophthal- 
moscopic examination of this eye showed the media to be i»erfectly 
clear, the optic disk beyond being, perhaps, a trifle more congested 



THE RETINA. 



tlian neual, appeared normal, ae did tlie retinal vessels, neither veins 
nor arteries Kliowinp any marked deviation either in size or course, 
except that the lijiht-streak was reduced in hrilliancy, and near the 
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disk entirely absent. From tlie outer edge of the disk, liowever, 
straight out to. and including, the maculR< ran a grayish-wliite patch, 
wliich had the ajijtearance of a dense exudation into the retina. 

Tlie position of the yellow spot was marked by a perfectly circu- 
lar bright-red spot. 

Three or four days after this the patient again presented herself, 
and a careful examination into the heart and kidneys showed that 
these were normal. The ophthalmoRCopic appearances liaii under- 
gone a slight change, for. wiiiJe tlie form of the exudation remained 
about the same, its color had changed from a grayish-white to a yel- 
lowish-white, while from the edfje of the disk, and straight through 
the centre of the effusion and through the red spot at the macula, 
ran a smalt vessel, which had been deveh)j>ed sine* the examination 
fonr days before, and was most pi'obably a simple iiicrease in size of a 
pre-existing vessel. {I have since thought that tliis enlarged vessel 
might have l>een a cilio-retinal vessel, or one of the vessels which 
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i:ome down (iloiif^ tlie sheatlia of tlie iiervp, and that it might be 
luoked upon as an attempt to eatablieli a collatfiml circulation.) It 
was at this period that the picture was takeu. (See Fig. 29; also , 
fhronKi-litliograph, Plate III, Fig. 2.) 

The exudation waa gradually ahaorlxxl, while in the region of the 
macula spots which appeared to be due to fatty degeneration tiegan 
to make their appearance, and the vessels, from having tlieir normal 
calibre, gradually fell away in size, while longitudinal white liands 
began to develop tliemselvea along their larger branches, mitil on 
March 28, 1871, or about a mtinth after the attack, a general atrophic 
condition had taken place, with the (iphthalniuscopic appearances 
shown in Fig. 30 ; also chromo-lithograph, Plate IV, Fig. 1. 

The point* of interest in this case are, first, that the attack came 
on during a scanty menstrual flow, suggesting the inquiry whether 
the trouble in the eye had not had some connection with the disturbed 
condition of tlie uterus ; just as we often see retinitis hfeniorrhagica 
from suppression of the menses, especially in women about the periixl 
of change in life. The fact that in tliia ease no haemorrhage took 
place does not necessarily imply that stasis did not, while, on the 
otlior hand, it might be the very reason why the attack waa ao seri- 
ous and followed by such disastrous results, there being no relief to 
the circulation till processes had lieen set in motion which were not 
arrested after the circulation had lieen re-establiabed. The aecoud, 
and most interesting point, is that tlie vessels were not reduced at the 
first examination, a few days after the attack, but that they gradxi- 
ally becAme so during the time she waa under observation, which 
certainly would not have been the case had the trouble been due to 
embolism, and the nonnal distention uf the vessels due to an anasto- 
mosis. 

I have since seen several similar caaea, one of the most interesting 
(if which was one where I was inclined tn think no actual throm- 
bosis had been formed, but where there had Iieen siniply an arrest of 
the circulation for a time, which weis afterward removed. The 
patient was a middle-aged woman who was at the time nursing an 
infant of about one year old. The day liefore ahe liati quite suddenly 
lost the sight of the left eye, the vision of which was, at the time of 
the examination, so defective tJiat she could only tell light from dark- 
ness. The right eye was normal in every respect. The catamenia 
were still absent. 

The ophthahnoscopic examination ahowed the arteries to be con- 
siderably reduced in size, while the veins were enormously dilated 
and filled with dark-purplish blood. There was a minute htemor- 
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rhage at the outer edge of tlie nerve, biit no otlier extravasation any- 
where to be seen. 

Thinking thiit the attack was dependent upon the attempt of 
Nature to reattirc the nienatnial ^ow, tlie [mtient was ordered to wean 
her child at once. Under leeches, frequently applied, with the bleeding 
kept np for a considerable time, and other derivative measures, tlie 
vision improved steadily for about three weeks, when it amounted to 
J. The venous congestion gradually disappeared and I imagined 
that the patient was cured, wlien suddenly, and just about four weeks 
from the previous attack, vision again left her. The same treatment 
was renewed, and vision began again to improve until it reached j, 
when it again failed, though to a less degree, in about four weeks 
from the previous date. AJniost immediately after this the menses 
returned, and with this vision also, whicli then remained at f , and no 
further deterioration took place. 

Priestly Smitli has more recently reported some cases of the same 
nature, among which was one of much interest, as it seemed to be 
dependent on reflex action from the condition of the uterus. In tins 
case temporary attacks of loss of eight were followed by a permanent 
blindness in one eye, caused, in Mr. Smitli's opinion, by the arrest of 
the circulation and thrombosis of the artery.* 

Htmii<yrrha(/e into the Slieaik. of the Nerve. — Dr. H. B. Sands first 
called attention to the alx^ve process as a possible explanation of the 
occurrence of sudden monocular blindness. The case was that of a 
young physician who suddenly lost the vision of one eye iu which the 
ophthalmoscopic signs were tliose which are usually attributed to 
embolism. Vision was at first totally abolished, but later improved 
eoinewhat peripherically, leaving, however, a dense and permanent 
ecotoma. 

The theory wliich appeared to Dr. Sands to explain most satis- 
factorily the morbid phenomena in question was that which assumed 
the primary lesion to liave been an extravasation of blood into the 
sheath of the optic nerve between the globe and optic comniissure-f 

Such a lesion had not at that time been demonstrated by dissec- 
tion, but it has Ijeen since by several otiservers. Thus Priestly Smith 
lias publislied a case, with a l)eautiful drawing of cerebral hiemor- 
rhage, with passage of blood into both optic nerves. Tliis was the 
result of a fail in which the patient, a mechanic, had slipped on the 
ioe with hut little a[iparent injury at the time, bnt which was followed 
eome ten days later by headache and vomiting. At this time an oph- 
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timlmoscopic examination showed that there was no optic nenritis. 
Tlie patient died the following day. At the autopBy, on removal of 
the dura mater, a large (juaotity of blood eacapeil, which was fonnd 
to lave come from a cavity of the left frontal lobe, about oa large ae 
a walnut. The clot was confined to the left side of the skull, but 
extended backward to tlie cere- 
bellum, lioth on the convexity 
and at the base. 

The optic nerves allowed 
Imlbar enlargements Ijehind the 
glolicA, and apj^eared from tJieir 
color to contain blood. 

The optic nerve, which liad 
been pre\'iouK!y hardened, was 
tiien frozen and divided by a 
longitudinal section. Within 
the distended nerve-sheath near 
to the eyeball there vbs a blix)d- 
clot, and the precise relations of 
tliis are of some interest, as they 
ehow ill a lieautifnl manner the 
presence of the three sheaths, as 
descriljed by Schwalbe — ^name- 
ly, the dual, arachnoidal, and 
piai (Fig. 31). The blood-clot 
lay entirely external to the arach- 
noidal sheath, while the fiul>- 
arachnoidal space had been in- 
jected with colorless fluid, 
doubtless the cerebro-spinal fluid 
forced into it from the sub- 
arachnoidal space of tlie brain 
hy the increased pressure witli- 
iii the skill!.* 
It will be observed, however, on looking at the figure, that the 
pial sheath was still in close apposition with the nerve stem ; and tliat 
neither the blood in the subdural space nor the fluid in the subarach- 
noidal space parsed into or l>eyond the lamina cribrosa, which ia in 
accordance with the eflEect produced by artificial injectione. {See 
vol. i., p. 27.) 

In the case above related there were no ophthalmoscopic chaogoe, 
* " Trans. Ophth, Soc of Lhe United Kingdom," vol. iv., p. 271, 1884. 
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F and tliere is no mentiou of a mii-roacopic examination as to tlie eon- 

1 ditiou of tlie nervous tissue. In a ease, liowever, reported hy Dr. 

Silcock. in wtiicli no ophthalmoscopic examinattou could be made on 

I aecouut iif the nianiiu.-al condition of the patient, microscopical ex- 

I aiiiination allowed after deatli tliat the nerve waa inflamed and tlic 

1 diBk swollen, so that it is still uncertain as tu how far a distention of 

I tlie nerve sheath, mth hlood or fluid, can tie the cause of ophthahno- 

* ecopic appearances.* Tiiat it should provoke at times cliangee in the 

nerve which should be seen with the mirror ie most probable. That 

it doen not invariably do so is shown by tlie fact that flagrant eases uf 

choked disk do occur where tliere is no distention of tlie sheath, 

wliile on tlie other hand distention of the sheath txicurs where theiv 

ia no choking of the disk or other form of neuritis ^-isible, at least to 

tlie ophthalmoecopo. 

UeBmorrha^e into the Pial Shaath of the Ojjtic iVc«v.— Michel f 
Iiaa reported an interesting and very instructive caee of this occur- 
I reiice which was accompanied with tlie ophthahnoscopic appearances 
I of neuritis. 

The patient was a man of sixty-flve, who died rather suddenly 
■with apoplectic symptoms. Thei'e was at tlie time paralysis of the 
I ocular muscles ; vision was not, however, essentially affected. The 
[ ophtlialnioscope stiowed that there was a moderate degree of hyi>er- 
[ smia of both disks, witli marked tilling of the veins. Twenty-four 
I hours later there was a decided change in the ophthalmoscopic apjjear- 
anccs of tlie papilla of the left eye. The iip])er and outer borders of 
I tlie nerve had faded away and were lost in a grayish-white disturbance 
f of a peculiar brilliancy, which at times seemed to play into a violet 
I ehade. The venous vessels were much distended and very tortuous. 
} In another twenty-four hours the same changes had taken place in the 
I otlier eye. 

These symptonis gradually increased until the death of the patient, 
I accompanied by a moderate swelling of the disk. There were uriemic 
I symptoine preceding death. 

At the autopsy a cywticercus was found in the right hemisphere of 
the cerebellum ; also a light degree of internal hydrocephalus. There 
I was granular atrophy of Imtli kidneys, without any hypertrophy of 
I the heart and without any lung diseai^e. 

The eyes were opened in situ by an equatorial section, and liotli 
I disks were found to be nntranaimrent and indistinct in their outlines. 
F Everything else was normal. The only thing to lie seen was a stri- 

• ■■ Trans. Ophth. Soo, o( Ihe United Kingdom." toI. it., p, 27i. 
t ArohiT fUr Ophth.. Band iiiii. All. II, p. 213. 
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attMl extraTamtion which was situated upon llie upper surface of the 
It'ft nerve, about twelve milliinetrefi from the hiUh, Tbia hffimor- 
rhaj^ was about two milliQietres lutig and one third of a millimetre 
broad, and was evidently eitlier in the pial elieatli or in the tieene of 
tlie nerve jui^t beneath it. A micros*; o pi cal examination of this part 
ehtiwed that the nervous elements had completely preserved tlieir 
iiitegrity. There waa, however, some infiltration of the connective 
tissue with lymph corpuscles. The pial ghesth and tlie eept& derived 
from it were infiltrated iu a uniform niamier, with round eelle, as was 

indeed the nerve 
tissue only to a 
less degree (Fig. 
32) There was 
6car(,elv any swell- 
ing uf the disk, 
lut it as well as 
tlie surrounding 
' tisfcie was iufil- 
trattd with rounJ 
ells The bleed- 
iTur into the pial 
sleath and its pro- 
cesses s shown in 
the figure. To the 
nuked eye tliese 
haemorrhages ap- 
peared as dark 
stripes (b). and dark points (c). With the microscope, tliese" places 
coneisted of red blood-corpusclea closely pressed together. These 
occurred only in the region of the connective tissue; and in the 
extensions of the pial sheath tliey were chiefly found at the intersec- 
tions of the staging work (c). Red blood-corpuscles were in no case 
foimd in the nerve tissue itself. The htemorrhages were not fre- 
({ueiit into the pial sheath proper, but were more so in the extensions 
from it, which form tfie septa between the nerve bundles, and were 
distributed at intervals along tlie whole course uf the optic nerve 
from the chiasma forward. 

Michel looked upon the htemorrhages as the primary affectioQ 
which produced disturbances in the nutrition of the tissue, which 
were th6 cause of diffuse infiltration, and the presence of the rotmd 
cells. 

IlypcrcETnia of the Central System. — This may lie either an ex- 
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r preesion of a general hj-peraemia or of a local one which is limited to 
, thu eye, Tliis latter may affect both the arteries and veins, and then 
usually predominates mostly in tlie latter. In rare cases tlie opjtoeite 
may oceiir, and the arteries he more affected than the veins. It must, 
however, be very exceptional if it ever occurs tliat the arteries alone 
are affected. This kind of lot'al hypenemia simply signiiieB that a 
larger ijuantity of blood i» present in the eye than is usually found in 
the nonnal condition, and iinds its expression ehiiply in a dilatation of 
the larger ve^^sels of the retina. Neitlier the disk nor the background 
of the eye appears essentially altered, which condition may continue 
for years, and which, when accompanied by asthenopic symptoms, 
where there is no error of refraction, often oceasions a doubt as to 
whether tlie vessels are really abnormally increased in size, or whether 
is a congenital i)ecnliarity. 
In marked cases of hyjierieniia, besides being dilated, the vessels 
I have occasionally an antero-posterior as well as a lateral curvature, 
I which is shown then by alternating light and dark segments of the 
I vessels. On account tif dilatation of tlie finer vessels, many more 
I become visible, not only on the disk, but also in the eiibstanee of the 
\ retina. In tlie region of the macula, where only the finer vessels run, 
j tlie ramifications are sometimes very clearly marked and can be fol- 
io wetl up to the fovea. 

CupiUary Jlyjierixmia. — Tlie capillary network of tlie retina is 
too fine to be recognized as single vessels, but vessels which are origi- 
nally toil small to lie seen with the ophthalmoscope often become visi- 
ble under hyiwrteniia. Thus, capillary congestion makes itself mani- 
fest through increased redness of the disk, and it is only under certain 
k conditions, to be dwelt upon later, that lij-pera?mia of the retina itself 
I U visible, even with tlie upright image. In capillary hypereemia, as 
ft rule, the " light spot " which marks the centre of the disk usually 
remains, even when the congestion of the rest of the papilla is very 
marked. It is of service to note this fact, as it forms an important 
I diagnostic mark between the simple dilatation of the finer vessels and 
the congestion due to some forms of neuritis, where the spot which 
marks the ph^'siological excavation is the first place to fill up and 
becwne congested. There is, furthermore, a form of capillary hy- 
peremia where the entire papilla is not only reddened in a diffuse 
manner, but where also numerous small and fine vessels, closely 
pressed together, run in a radial direction, but which are only visible 
here and there in their course. These vessels extend into the retina 
I it§elf, passing over the connective-tissue ring which they then have a 
[ tendency to obscure. Tliis is often found in that form of increased 
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vascularity wliicli may be classed as due to " retinal irritatiori." Tliis 
increase of tlie tiiier vbi^^Ih radiating from the disk also fonns an 
importaut diagnostic nmrk between tlie increased araonnt of blood in 
tlie retinal vessels and lliat of a congestion of the disk wliich accom- 
panies choroidal diseaiie. In this latter the injection of the nerve is 
more central and the connective-tissue ring, instead of being obscured, 
is rendered more coiwpicuous and more sharply delined hy contrast. 
Tliia effect is often very marked in choroiditis disseminata, and 
sometimes in the lower fonns of choroiditis posterior, such as accom- 
pany some stages of progressive myopia. 

Stasia IIyper<fmia. — This form of liyperiemia results from any 
caose wlucli intwrferes with the circidatiun, so as to itii]>ede the en- 
trance of the arterial or the exit of the venous blood. A sharp dis- 
tinction should be drawn between this form of hyperiemia, which 
may be called ]»assive, and that which is called forth by an active de- 
tennination of blood. It is characterized by an increase in the size 
<»f the veins, and either a normal condition or a narrowing of tlie 
arteries. This increase of the veins may be very great, and be ex- 
pressed hy a large amount of tortuosity of the vessels. The papilla 
may 1« reddened to a considerable degree, and sometimes be marked 
by dilated vessels, whicJi run in a radial direction. In marked con- 
trast to this is the behavior of tlie arteries which are narrower and 
run in a straigliter course than in the normal condition. This form 
of hypenemia takes place in many if not most kinds of retinitis, even 
in those in which there is no evident sign of impediment to the circu- 
lation outside of the eye itself. It is common, under these conditions, 
to attribute the narrowing of the arteries to compression from swelling 
of the tissue, esijeeially at the point of jtassage of the vessels tJtrough 
the non-yielding tissue of the scleral ring opening. It would api>eart 
however, that too much stress had been placed upon this as a cause 
of rettti'dation of the current, even in what has been denominated as 
choked disk, as microscopical investigations by several ol)serverB — 
notably by Pagenstecher and Gowers — liave failed to show that there 
were any constrictions of the vessels from outside pressure upon their 
wails. It is, therefore, in many if not in most cases due to a morbid 
condition of the walls themselves, wldch leads to a retardation of the 
circulation, either from an altered condition of the blood or from 
some vaso-motijr disturbance, which incites a spasmodic contraction of 
the muscular coats of the arteries while it favors a distention of the 
veins, on account of a reduced via a tergo from a lessened arterial 
supply, aided in its turn by the effect of intra-ocular jiressure. 

It would seem as if the si>cedy and easy exit of the venous blood 
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J was necessary for the fiJl disteutioii of tlie arteries. As if a vacuum, 
I for example, created in front of the arteriea by tlie escape of tlie 
I venous blood, increased tLe v^ls a tergo from tlie arteries, and that 
[ tliere took place a sort of siphoniTifit out of the venous, wliiclt was 
•eplaced by a more rapid fliiw of tlie arterial blood tlirough tlie 
capillaries. 

At any rate, when thromlwsis of the central vein has Ijeen shown 
to exist, so tliat blood could not tlow out of ttie eye, the arteries were 
smaller than nonnal, ei.)metiines to a marked degree, bo as to give the 
attO[mat4.-d appearance due to emlioligrn. 

Volhiteral Ilyp^ranniii. — This is said to occur in embolism or otiier 
ol)Btniction to the circulation, in a greater or lesser degree, accord- 
ing as tlie impediment is in a larger or smaller branch of the central 
artery, or as tlie closure is partial or total. I nuist say that, i>er8on- 
ally, I have never seen any a|)pearatiee of distention of tlie veins after 
embolism which did not appear to me more compatible witli the lielief 
that the wall itself was relaxed and distended from stasis and ita soft- 
ening influences, and that the hiemorrhages were tlie result of such 
a condition rather than due to increased pressure within the wall, 
caused either by retlux through tlie veins, or from a direct and abnor- 
mAl fluxion in tlie arteries. 

* Atonic Ilyperwnua. — This, as it occurs in some forms of retinitis 
during retrogressive changes, lias already been mentioned in a geneml 
way, under the heading of '* Increase in the Diameter of the Veins" 
(page 5\ It is sometimes very intense in its character, so that the 
veins are three or four times as largo as the arteries. Some veins are 
at times more distended than at others, and are more distended in one 
portion tlian another. Usually the dilatation is most marked in those 
places where the inflammatory action has l)een tlie greatest. Whether 
tliifl is due to vaso-mot«r influences, or to a simple j-ielding of the 
vessel while in a relaxed condition, is not yet determined. The fact 
that the dilatation takes place where no disease in the wall can lie 
detected, and that it may l>e aecimipanied by arteries which are ab- 
normally contracted, would point to tlie conclnsion that there might 
be some paresis, through the agency of which the veins become dilated, 
while there was a contemporaneous vaso-motor irritation and conse- 
ijuent contraction of the arteries. 

Neuro-paralytw Ily^iercEfiiia. — From the very marked and eon- 
spicuoiia congestion of tiie vessels which section of the sJ^npathetic 
nerve in the neck produces, it would naturally be expected that jiaraly- 
ds of the cervieal syinjmthetic would l>c followed by pronounced 
changes at llie back of tlie eye, that would be plainly if not con- 
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epicuoiiely viiuble with the oplitlialmoscope, and it would be supposed 
that this must take place from anatomical ae well a:* physiological rea- 
soua, siuve it has been, it seems to me, proved beyond questiou that 
sympatlietic fibres arrive at the eye through varioiis channels, and 
accompany not only the ophthalmic but also the central art*fry at least 
as far as the disk, and probably much farther into tiie retina itself, 
following the general law, and attending the ramifications of the 
branches to which they arc distributed, no matter how delicate these 
become. The same is true of the choroid and the whole uveal tract 
Moreover, physiology teaches us that, if we divide the cervical sympa- 
thetic, or extirpate the upper cervical ganglion, the circulation in all 
of the vessels going to that side of the head, both external and in- 
ternal, is increased ; the pia mater becomes injected, as do the ear, 
the cheek, and the conjunctiva, as well as the iris. It is, moreover, 
directly asserted by Leber * that the retinal arteries are innerx-ated 
by the filaments from the cervical sjTiipathetic. He states, however, 
that section of the nerve produces only a slight dilatation of the 
arteries, and declares tliat " whether the slight effect of section of tlie 
nerve is to be attributed to the action of the intra-ociilar pressure or 
other causes could not be determined," O. Becker also says that 
the effect upon the retinal arteries was much less than upon the ves- 
sels of the ear. 

Klein and Svetliii,f after carefully isolating the sjnnpathetic in 
the neck in cats, got no effect whatever upon the retinal vessels or 
those of the optic nerve, either by irritating the divided end of tlie 
nerve, or the entire cervical portion, or by extirpation of the ganglion. 

Others, it is true, have got what they claim to be decided effecta 
by irritation and division. But it appears to me, after a careful ex- 
amination of the evidence, that the weight of authority is in favor of 
the fact that the effects on the circulation of the retina and optic nerve 
by experimentation on the cervical sympathetic are, thougli percepti- 
ble, very slight, and that the contraction which takes place by irrita- 
tion is nmch greater proportionately than the dilatation which follows 
section or extirpation. Also the disproportion mentioned by Becker 
between the effects of section of the nerve upon the ear and external 
parts of the head, and those upon the back of the eye, would seem 
to hold good even to a greater degree in man than in animals. Thus, 
Mitchell,^ Ogle,§ and Samelsohn,! have reported cases where the 
cervical sympathetic was affected, and where all the syraptoms of 
.. p. 358. 
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vasomotor paralysis were present, euoU as Jlusliing of the ear and 
dieek with increased temperature, injection of the conjunctiva, and 
contraction of tke pupil, and yet no cliange could be detected ^vitli 
the ophthalmoscope in the retinal vessels or those of the optic nerve. 
The more modem literature has many other cases of injury and dis- 
ease of the cervical ganglion, with all the sigus of vaso-raotor dis- 
turbance in tlie ))arts dominated Ijy it, and yet with either uo observ- 
able change in the retinal circulation, or, at tlie most, only '■ a slight 
hyperteinia of the disk " ; and what tliis means we all know, and 
that it may and often does last a life-time. Not a single case of even 
the slightest retinitis or neuro-retinitis can I find in all the literature 
of tliese cases, let alone a genuine choked disk. 

So, too, when artiHcial vaso-motor paralysis * is produced by nitrite 
of ainyl, not ouly do the ear and cheek become flushed, hut there are 
een&OTy symptoms from dilatation of the cerebral vessels, and yet the 
circulation of tlie retina, which is a direct offshoot of these very ves* 
flels, is comparatively unaffected. 

There would seem to he a good reason for this in the different 
conditions of the vessels of the retina, the arteries of which do not 
pulsate visibly in the normal condition, which is evidently due to the 
counterbalancing effect of the intra-ocular pressure, which maintains 
an exact equilibrium between the increased impulse of the systole of 
the heart, on tlie one side, and the contents of the globe on the other ; 
for, if the pressure is reduced by letting off tlie aqueous humor, then 
tiie arteries pulsate as do the other arteries of the body. This is evi- 
dently also the reason why the contraction of the vessels is greater 
under irritation than the dilatation vis under extirpation of the gan- 
glion, for the intra-ociilar tension would favor contraction, while it 
would oppose dilatation. 

But it may be asserted that, besides the upper cervical ganglion, 
there is another vaso-motor centre for the retina and nerve. This 
is very true ; there may be another centre. It has never l>een found, 
however, and, even if it were, and other sympathetic fibres Itesides 
those now known were traced from this centre to the eye, even then 
it is fair to assume, judging from the very slight effect produced by 
irritation or paralysis of the fibres we do know about, that a similar 
■want of effect would be ]>rodnced by the morbid innervation of those 
of which we know nothing. 

My own experience in these cases is limited. I have seen, how- 
. -ever, several cases where there were undoubted sj-mptoms of paralysis 

^^H of the cervical sJ^npathetic. In only two of them were there any 
^^^H * Wadswurth and utiiers. 
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opiitlmliiiuscopic appearances wliich could nut be fairly coii&i(Ierei.t as 
witLiii p!iyBiologi<'al limit*. In tlie tirst fa«.', besides the tliudiing of 
the ear and face, there wae a decided aiid uiiubual tliiidiing nf the diafa. 
Tlie other case was one shown liy l)r, Amidon to tlie New York 
Academy of Medieiue. It was that of a youug married woman who 
had lieen operated npoii for a tniiior of u sarcomatous nature in the 
cervical region. It was Biip|x>sed that the tihres of the nerve in this 
region had ijeen severed during iJie o]x.Tatioii. All tlie symptoms of 
sympathetic paralysis were present in a marked degree, including a 
eouHpicuous narrowing of tlie pupil, showing that tlie vessels of the 
inferior of the eyeball were affected. The changes in tlio retinal 
vessels were also marked, hut this was continwl to the veins whicli 
were jmlpably enlarged but not tortuouB. The arteries were not 
dilated at all, and seemed to have their normal appearance in every 
respect, nor did the circulation of the disk seem to l)e altered in ajjy 
way. The color of the blood in the veins was somewhat darker tiian 
usual, which might have l>een due in some degree to the narrow pupil 
preventing a eutlicient ilhimiuation. Only the eye on tlie same eide 
of the neck as the tumor was affected. 

Jaeger also makes the general statement that, in paralysis of the 
vaso-motor nerves, only the veins are affected, the arteries remaining 
nonnal and the disk sliowing no essential change. 

Cyanosis BuUn. — Tliis curious and very rare condition usually 
occurs with malformations of the heart. Sometimes the veins alone, 
and sometimes both veins and arteries, are affected. They show a 
very markeil dilatation, which takes place over the entire body, espe- 
cially in the smaller vessels of the skin and mucous membranes. The 
blood in both systems is usually nuich darker tlian normal, that in the 
arteries being as dark as the ordinary venous blood, while that in the 
veins is of a dark violet-bine. 

A beautiful specimen of this condition was reported to the New 
York ( )phthalmological Society by Dr. W. O. Moore, through whose 
kindness I had the opportunity of making an examination. 

The fiatient was a young woman of twenty-eight. She had never 
noticed that her skin was darker than that of otlier people until six 
years ago, when slie was shipwrecked, during which she was much 
territied. Her finger-nails were, however, club-shaped, and she had 
been informed by her mother that this had been the case since she 
was ten months old. Her skin is now of a livid, bluish tinge, with 
dark-purple spots upon the face and hands, and she thinks that the 
color is increasing in darkness. The ears are purplisli, and the con- 
junctiva a good deal injected. 
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The veins of tlie fundus are enormously enlarged and tortuous, 
and have an antero-posterior curve in certain places, but only on the 
disk and its immediate neighborhood. There are very many vessels 
tliat are plainly visible, and which can be traced far into the retina, 
which, in the noruial state, are either not present or are so minute as 
to be invisible. The color of the blood in the veins is of a violet 
tinge. The arteries are considerably enlarged, hot not so much as the 
veins. The blood in the arteries is of the color of ordinary venoiis 
blood. There is no pulsation In either arteries or veins. An ex- 
haustive examination by an expert failed to bring to light any disease 
of the heart or any abnormity in it« sounds. The fjplitlialnioscopic 
picture presented a strong similarity to tiiat of choked disk, and had 
, Ixjen, indeed, taken for that. 

Tlie usual anatomical malformatioiw preseTit in these cases are 
stenosis of the pulmonary artery, patency of the foramen ovale, and 
abnormal origin i>f tlie aorta and pulmonary arteries, 

Knapp also reports a case wliere, during life, there were no ab- 
normal murmurs, in which no valvular trouble was fuuiid, but only 
dilatation of the heart and the general vascular system. 

It is probable, tlierefore, that tlie cause of the trouble does not 
always depend upon a defined stasis in the venous system, but may 
sometimes lie produced by a general retardation of the current by a 
congenital dilatation of tlie entire vascular system ; an enlargement 
which, if originally congenital, may I)e increased during life, as was 
I evidently what had occurred in the case just reported, in which no 
change in tlie color of the skiu was noticed until after the age of 
twenty-two. 

Liebreich gives a drawing of this affection in his "Atlas." In 
this case the veins are alone involved. [See vol. !., p. 264, Plate III., 

Fig- 2.] 

It would also seem that the color of the blood comes, in part at 
least, from want of oxidization, as well bb from a direct mixture at 
the heart of venous and arterial hlood. 

ffy/jertEmia/rom reduced Introrocidar Tension. — This has already 
been spoken of under the heading of " Increase in Diameter of Veins," 
page 9. 

HcBmorrhage from the Retinal Vessels. — Hiemorrhages may take 
place from any part of the retina. Wlien few in number they usually 
■ in the neighborhood of the nerve, and near the larger vessels. 
When tlie hieinorriiage lies along and immediately in contact with 
the larger vessels, it is safe to infer that the hieinorrhage came directly 
from the vessel itself, and not from the capillaries and smaller vessels 
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lierived from it ; especiallj' as tlie clot eometiiiies lies directly over tlie 
vessel in tlie most anterior portion of tLe nerve-fibre layer, and 
especially, too, as Hoffmann gives a drawing in which tlie hiemorrliage 
was seen to lie in the lymph sjwce surrounding tlie vessel. 

It would be snppoeed a jiriori that hteniorrhages would occur 
most frequently at the periphery of tlie field where the vessels are 
more minute, and for the ^anie I'eason it would be inferred that hsem- 
orrhage from the capillaries would lie more frequent than that fronj 
the larger vessels. Such, however, is not the case, and it follows that 
the pressure witliiii the walls of the smaller vessels and capillaries can 
not be as great in proportion to their power of resistance as it is in tlie 
larger vessels. For the reason that altliough the sum of tlie outside 
diameters of the branches of the vessel is greater than that of the , 
jmrent vessel, the sum of the inside diameters or the lumen is less, 
which amounts to saying that tlie walls are thicker, and therefore 
stronger in proportion to the strain put upon them in the smaller ves- 
sels tlian in the larger. 

Moreover, the occurrence of hasmorrliage near the nerve is also 
favored by the fact that the influence of the intra-ocnlar pressure is 
more felt at this place, and a greater impediment to the onward move- 
ment of the pnlse-wave would be experienced here tlian elsewhere ; 
consequently, the effect of sudden and violent action of the heart from 
over-excitfiment or abnorntal conditions, as well as that of sudden 
straining, such as in vomiting or coughing, would be more apt to be 
expressed at this point tlian at the periphery of the field. This would, 
of course, liold good all the more where the strength of the wall of 
the vessel had been reduced by morbid processes. 

There are certain cases, however, where capillary hiemorrliage 
predominates, and where the bleeding is more apt to take place at the 
periphery of the field than near the nerve, an<i in the outer rather 
than in the inner layers of the retina. This goes to show that there 
is some morbid process which has reduced the strength of the walls, 
find that it is either confined to the capillaries and small vessels or ia 
expressed in them to a greater degree than in the larger ones. This 
ia an important fact to bear in mind, for capillary hffiniorrhage, when 
t)f any extent, is much more sigTiificant and of graver import in regard 
to general disease than hteintirrhage from the larger vessels, and all 
the more, the deeper it lies in the substance of the retina. 

Next to the nerve, and its immediate neighlwrhood, the most fre- 
quent place for the occurrence of heemorrhage is the region of the 
macula, where central vision is often seriously impaired by the presence 
of even a small clot. When the bleeding is slight here, and spread 
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out into a thin layer, it ie apt to give to the patient the impression of 
a red tinge. 

Jnat &a hieinorrhagea may occur in any part of the eurface of the 
retina, so they may take place in, or extend to, any layer. If tlie 
hfflmorrhage occurs in tlie nerve-tibre layer, the bleeding extends iteelf 
in a linear or radiating direction, especially in those forms of retinitis 
in which there is nmch swelling of this layer. If the bleeding is in i 
the middle or outer layers, tliis tendency to spread out liorizontally is | 
wanting, as the blood-corpuscles have an inclination to follow the 
connective- tissue etage-wurk. Thus we are enabled to judge pretty 
accurately by the shape of the hfemorrliage whether it is in tlie inner 
or outer layers of the retina. 

Extended hBemorrhagic extravasations are often made up of groups 
of small red points, and where this is the case the surface of the hem- 
orrhage has a stippled granular appearance, that is very character- 
istic. Such h(emorrhftges are usually situated in the middle and outer 
layers of the retina, and are probably of capillary origin or from very 
email vessels. They are sometimes very extensive, and yet may be 
entirely absorbed in the course of long-continued inflammations, such 
as retinitis albuniinurica and certain forms of neuritis. Thus I liave 
eeeii cases of several years' standing where there was no tedema into 
the retina and no luemorrhages from the larger vessels, and yet where 
the extravasations in the outer layers were from time to time very 
extensive, showing that the finer vessels and capillaries were diseased. 
These extravasations are- probably mostly due to diapedesis. 

Some of the larger hajmorrhages which occur in the substance of 
the retina may traverse the membrane to ita posterior surface, and 
there cause a lifting of the retina from the choroid, which can not be 
told by the mirror, unless of considerable extent. I have, however, 
seen a case in which the entire retina was separated from the choroid 
by an enormous gush of blood. At the first sight there seemed to be 
no reflex at all from the fundus, and I was upon the point of suppos- 
ing that the vitreous was filled with blood. I obtained a perfectly 
fair and unobstructed view of the disk. The vessels could only Ite 
traced for a short distance beyond the borders of the nerve, and the 
movements of the retina seemed like the rising and falling of a black 
wave as it alternately disclosed and slint out the view of tlie disk. 

Contrary to the usual belief, it is very rare that retinal haamor- 
rhages are transformed into patches of pigment. Even extravasations 
of considerable size are completely absorbed without leaving miich if 
any textural change, or indeed any sign of their existence, behind. It 
is only when the bleeding has been very profuse and long continued 
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that spots of a browiiish-lilack color are foimd, and even in these 
cases it iisually signiliee tliat tliero lias been some alteration of a cica- 
tricial kind in tlie tissue of the retina itself. The fresher the hsemor- 
rliage is, the brighter the color, so that old htBinorrhages are nsually 
darker than recent ones, although they very often retain their vivid 
red color until they are entirely ahBorlKHl. This is probably dne to 
Home chemical condition of the blood which does not allow it to part 
with its LaJinoglobiM. This occurs more frequently in capillary 
hffiinorrhage, and naturally wliere the hainiorrLago is spread out in 
a thin layer. 

In the reabsorption the red corpuscles are in part directly decom- 
posed, and in [»art are taken up by the lymph corpuscles, and become 
changed in their interior into a fatty, glittering substance and pig- 
ment, which remains in the tissue in case cicatricial changes have taken 
place. The white central spots that occur in the middle of the clot 
consist of granular cells, which are at times colorless or of a yellowish- 
red, or darker in case the bleeding has Iwon profuse. 

Ilsemorrhftgea from the retina into the vitreous are very common, 
while, contrary to what has been usually supposed, those from the 
choroid are very rare. 

Hiemorrhages from the retinal vessels take place in two ways — 
either from rupture or from diapedesis. According to some authors, 
the latter is the most frequent, if not the only, way iu which Iwemor- 
rhage occurs, except from rupture by concussion, and even here nipt^ 
ure of the retinal vessels with bleeding very rarely takes place unless 
the enveloping membrane of the eye is broken. 

The blood-corpuscles probably pass singly tlirongh the walls of the 
vessels, from the fact that so little hijury is done to tlie retinal tissue. 
The number of the corpuscles is greatest in the neighborhood of the 
vessels from which they come, while beyond it they become fewer 
and more scattered. This would explain the effect seen with the 
mirror, of striated hfemorrliages which follow along the walls, and 
the punctatfi form which tlie bleeding takes when at a distance from 
the vessel. The blood-corpuscles show a tendency to accumulate 
beneath the internal limitans, and at the macula large collections of 
these occur, so as to form at times extensive hiemorrhagie plaques. 
Liebreich gives a remarkable picture of one of these extravasations at 
the macula, wliicli consists of an immense oval plaque, and which 
occurred from suppression of the menses in a woman of forty-fi 
After a little while these haemorrhages assume, by gravitation down- 
ward, a semicircular shajie, while the upper segment becomes of & 
• " Atlna (I'Uphtliulnioscopie," Tnb. viil., Pigj 2. 
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grayish color, probably due to a turbid fluid Iwhind the liinitana, and 
to a want of transparency in the membrane itself. While spots also 
occur, either witliin the circumference of these hieiiiorrhages or in 
their neighborhood, and may assume such a size as to resemble large 
patches of exudation witli a glittering sheen to tliem. Lelier cites 
several cases of this form of liEemorrhage, from suppressed menstrua- 
tion, and also states that it may occur in young people of both sexes, 
and that it is often accompanied or rather preceded by one-sided 
epistaxis. 

I have myself seen one-sided hfemorrliage at the macula Intea in 
young men for which there seemed to be no adequate cause, and the 
same fact ha« been recorded by Eales and otliers. 

Besides occurring in all forms of inflammatory diseases of the 
retina, liseraorrhage may take place through increased action of the 
heart from hyperti-ojihy. in fluxions, and disturljances of the circula- 
tion and suppressions or irregularities of the menses; in sclerosis and 
fatty degeneration of the vessels, in miliary aneurisms in the retina, 
and in thrombosis and embolism ; in general diseases where the con- 
stitution of the blood is changed, as in maladies of the kidneys and 
spleen ; in diabetes and leokiemia, pernicious aniemia, tulwrculosis 
and gouty affections, as well as those which represent a ha^morrhagic 
diathesis, such as scrofula and purpura. 

AiuEmia of the Central Vessilt. — -Most of the symptoms of aniemia 
and hypersemia have already been related somewhat iu detail in tlie 
geuerai description of the changes in diameter and color of the ves- 
sels as tliey are found in different conditions of the system. Still the 
matter is so important that the principal symptoms are grouped 
togetlier here for the purposes of uniformity and for easy reference. 

AniBinia of the retinal vessels would appear to possess two chief 
characteristicH — one that relates to the reduced quantity of the blood 
which the vessels contain, and the other to the composition of the 
blood itself. 

So far as the amount of blood is concerned, tlie most important 
symptoms consist of a unifonn decrease in the diameter of the vessels 
usually for their entire course, a lighter color of the blood from a 
reduced size of the vessel, and a corresponding decrease in the breadtli 
of the light-streak. 

The decrease in the diameter of the vessel begins in the perpen- 
dicular diameter^that is to say, in an antero-posterior direction, so 
that the vessel appears a little flatter in the horizontal diameter. The 
length of the vessel is not essentially altered, nor do tlie vessels show 
any essential change in their course or tortuosity. Still, in exag- 
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gerated caees thej do begin to be less viaible, or are entirely lost to 
view toward tlie peripberv from the disk, so that in some cases of 
feeble lieart, on the one side, and disproportionately increae«d intra- 
ocular presfaire on tlie other, the arterieB have a peculiarly stunted 
look, as tliey still maintain their original dimensions near the disk 
and become rapidly attenuated or lost to Biglit at a coiu|)arative!y 
short distance from tlie papilla. The proportion between the arteries 
and veins la generally maintained — that is to say, both arteries and 
veins are reduced in an equal degree, especially when the reduction 
in size is the expression of some general toxic distnrbance, as in some 
cases of amblyopia ]M)tatoruin and tt>l>aeeo amanrosis, which in their 
earlier stages before vision has become much, if at all, affected, pre- 
sent tlie appearance of simple aniemia. 

There are, however, exceptions to the nile that the i)roportion in 
diameter between the arteries and veins remains the same, for cnaes 
often occur, as lias been already mentioned, where the arteries alone 
are reduced in size, and where the veins remain normal or may be 
increased in size. 

It may be remarked here tliat Becker mentions having sometimes 
observed a spontaneous arterial pulse in cases of chlorotic girls and in 
Graves' disease. The color of tlie vessels is usually only affected in a 
trifling manner, although the blood becomes lighter in hoth the veina 
and arteries as the vessels become smaller, until in tlie higlier degrees 
the arterial blood is hardly to be differentiated in shade from the yel- 
lowish red of tlie fundus. 

The reflex is at tirst broader as the vessels are flatter. Later it 
l>ecomes narrower as the vessels become reduced in all their diam- 
eters, and it also becomes less brilliant, until it fatles entirely away 
in some cases. In these I am of tlie opinion tliat the wall itself 
has lietrome less transparent, and that the reduction in the size of the 
vessel is not due to antemia, but is really caused by a slowly progress- 
ing and low type of disease in the walls, no doubt aided by the in- 
creased thickness of the wall by its contraction upon iteelf. 

The fundus, as a whole, in aniemia appears somewhat paler than 
normal, and the onthnes of the nerve are a little less sharply defined 
than usual, because the contrast between the surface of the disk and 
the surrounding tissue is less marked, but there are extreme cases of 
aniemia where the capillary cireulation is so much reduced that the 
contrast is more marked, and some care is required then not to eon- 
found simple anemia with beginning atrophy. 

Ansemia in tlie retinal cireulation may be the local expresdon of 
a general anaunia, which arises from any cause which seriously ira- 
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pairs the bodily functions or the quality of tlie blood. There is pro- 
duced under euuh conditions what may be called a functional i^eliEeniia 
in the vessel, in contradistinction to the spasmodic variety, which has 
already lieen described. This occurs particularly after severe ]<J8S of 
blood from any cause or from any oi^an. and especially that incident 
to gestation. This loss of blood may be accompanied by a greater and 
lasting impairment of vision. The failure of sight in these cases is 
proportionate to the quantity of the hsemorrhage, the numl>er of the 
attacks, and the rapidity with which the blood is lost. If the hemor- 
rhage is not repeated, and is not severe, tlie recovery is oftentimes 
very rapid. If it is repeated, successive deteriorations ticcur, changes 
in Uie optic nerve become more apparent, and tlie vision goes from 
bad to worse. In snch cases there is usually very little change in the 
fundus beyond a greater or lesser attenuation of the vessels, and in that 
tlie capillary circidation fails more than that of the central vessels, 
which gives a slight bluish tinge to the nerve. Sometimes, however, 
tlie changes are not hmited to the vessels alone, but affect also the 
retina, which then becomes the seat of an inflammatory action, that 
usually shows itself in a mild form of retinitis, witii some (edema, in 
tlie neighborhood of the disk. Cases, however, have been reported by 
Hirschberg, and others, where the bleeding was followed by an intense 
nenro-retinitis, with plaques of exudation and hemorrhage. 

Ansemia in the retinal vessels, as an expression of a general antemia, 
is much lees common than is sup)iosed, and we often see persons with 
a pale complexion, or one of marked pallor, where the retinal vessels 
are not only ni>njially tilled but where there is no reduction in color. 
In such cases we have the right to assume that the color of the blood 
is the same as in the normal state, but that for some reason the small 
vessels and capillaries of the skin are reduced in size, and that the 
paleness is due to the reduction in the contents of the vessel, {perhaps 
of tlie same nature, but of a more permanent cliaracter, as that which 
occurs in sudden and temporary paleness, and which might come from 
some vaso-motor disturbance. 

This might ex^tlain why in some cases no amount of iron tonics 
increases the redness of the complexion. On the other iiand, tliere 
ate some cases where an examination of the blood sliows that there is 
undoubted anseinia, but yet where tlie face is not only not pale, but 
even where it may be of a rosy color. This is no doubt due to the 
fact that, although there is an antemic condition of the blood, tlie 
superficial vessels and capillaries of the skin are more dilated than 
oommon, probably from a retarded circulation, so that while the oph- 
dtalmoecope shows that the blood is really hghtcr than usual, and 
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hence that iron tonics would be of service, tlie complexion would not 
sliow it, but even uontrsrindicato its use. 

Simple Anaemia. — Variationa in tlie coin|)06ttion of the blood 
often produce changes which are readily detected witli the opbthal- 
moacope. The principal change is naturally that which relattts to 
variations in the color of tlie blood, and this cliange is not one tliat 
depends upon the greater or IcBser diameter of tlie vessela, but one 
which is caused by an actual change in the conipoBitioH of the blood 
and in the proportions which its elements bear to each other. Thus, 
in simple anteniia, where the hsemoglobiu is lessened eitlier because 
the red corpuscles are reduced in quantity or in size, or in richness 
of the coloring matter, the blood in the retinal vessels is paler than 
normal, as is also the general fundus. This usually takes place in 
amemia in Iwth arteries and veins, and the same holds good in hy- 
drtemia, or its equivalent, hypalbuminosis, where the solid contents 
of tlie blood are reduced in comparison with the watery elements. 
Thus, in Bright's disease, where hypalbuminosis is most marked, the 
blood in the arteries, especially before retinitis lias ensued, is some- 
times of an exceedingly light color, with a broad and gUttering reflex, 
while the blood in the veins is also much hgbter than normal. But 
this is not always the case, for when the retina has become impli- 
cated, and especially when hsemorrhages have occurred, then the blood 
in the veins becomes of a darker color, so that tliere may lie at the 
same time an abnormally dark venous and an abnormally light arterial 
blood, with narrower arteries and broader veins. 

Not only is the color of the blood affected by the proportion of 
its elements, but other changes of a marked and interesting character 
follow the alteration in its composition. Thus, it has been shown 
that aneemic and hydnemic blood liave a pecidiar effect upon the con- 
dition of the walls of the vessel, so that hiEmorrliages from diapodeeis 
and exudations take place through the capillaries and small vessels, 
which are sometimes of considerable degree, as seen by the ophthal- 
moscope^ so that in some cases of excessive aniemia we see tissue 
elianges in the fundus, such as are expressed not only by extravasa- 
tions bnt also by all the inflammatory signs which are characteristic 
of neuritis, neuro-retinitis, and choked disk of tlie most flagrant 
form. 

From a careful study and tabulation of the richness of the blood, 
as to the number of corpuscles, and tlie quantity of the hremnglobin 
present, Dr. Stephen Mackenzie has come to the conclusion tliat when 
the corpuscular ricliness falls below fifty per cent of tlie normal, the 
tendency to hicniorrliage l>econies developed, while the quantity of 
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liEemoglobin exercises a qualifying influence, according as it it* greater, 
equal, or less than the corpusculHf deliciency. 

Pemici^nis Aiusmia. — In cases of that extreme degree of anEeniia 
to wliich the name of idiopathic or progreaeive aufeinia lias lieeii a[}- 
plied, retinal hHeiiiorrhage is very common, and all but conBtant. In 
Biich cases the corpuscular richness falls to as low as twenty, fifteen, 
or even ten per cent,* 

The retinitis that accompanies pernicious aniemia is usually mild 
in form, and not as a rule accompanied by signs of active inflanmia- 
tion. There is usually very little swelling of the tissue, or cedema, 
and the nerve is not implicated to any great degree, tliough there may 
be, and usually is, combined with the retinitis a low stage of neuritis 
which shows itself by a slight obscuration of the edges of the disk, 
and a delicate striated or woolly appearance of the papilla as it passes 
over into the retina. 

Tile most conspicuous cliahge, and the one that is first noticed 
as a rule, is the light, yellowish-pink shade wliich predominates over 
the background of the eye. It is similar to that wliich is found in 
the graver forms of simple antemia, only more marked. This is 
evidently due to the blood itself, and not to a lessening in diameter 
of the blood-cohmin. The color in both arteries and veins seems 
lighter than normal, and there is but little difference in shade l>e- 
tween the two sets of vessels. The light-streak is unueuallj- broad, 
and not as a nile very brilliant, although at times it may Ije so, de- 
pending ui>on the translucency of the wall. Tlie veins are ordinarily 
Bomewhat enlarged, and at times, but rarely, a marked tortuosity may 
be observed. The arteries are, as a rule, as in all retinal inllarama- 
tions, somewhat reduced in their diameter. 

Another prominent cliaracteristic of pernicious anaemia is the 
tendency toward hiEmorrhage. These are usually striated in fonn, 
and not round, as in septic retinitis. They lie near tlie vessels, and 
usually in the inner layers of the retina. They are as a rule of small 
size, and flake-like, and for this reason may be rapidly absorbed. 
They have at times a whitish center. 

Althfiugh it can not l>e denitsd that there is in this form of 
anffimia a marked tendency to hiemorrhage, it is not so constant a 
Bytnptom a,t commonly believed. Indeed, in one of the most marked 
examples of the disease that I have seen there was no bleeding at 
all. The case was that of a middle-aged man. in whose blood the 
red coi^uscles were reduced to twenty jier cent of the normal amount, 
and the hiemoglobin to eleven per cent. There was intense pallor of 
• "Tmns. Oph. Soc. of the United Kingdora." vr.1. iv., 1884. p. 132. 
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tlie face aiid skin, wliicli reaembled white wax in appearance. The 
ftindus of each eye whb exceedingly pale also, and there was little or 
no capillary circulation visible upon the disk, whieli was of a creaniy 
or yellowish-wliite slmde. but it had none of the characteristic ap- 
pearances of atrophy. The edges of the disk were not obsenred, and 
there was not a trace of a»denia or hjeniorrh^e round its circum- 
ference, or, indeed, in any jiart of the retiiia; nor were there any 
signs of indainiiiatory action in any of tlie tissues or membranes. 
The nerve and the fundus looked as if they had simply faded out to 
a great degree. The blood in the veins was lighter tliaii ordinary 
arterial blood, Wing of a pale-pink color, and that in the arteries 
near the disk appeared lighter still — almost, in fact, white — tliough a 
slight discrimination between arterial and venous blood still remained. 
The most striking ap]>earance, however, was tlie condition of the 
larger vessels upon and near the papilla. The arteries tiad almost a 
dead white appearance, not a glittering, or on the other hand, an 
opaque aspect. Moreover, a translucent effect was produced under 
the play of light from the mirror, which was very peculiar and ditfi- 
eult to describe. The hglit-streak was exceedingly broad and very 
brilliant, apjiearing under rotation of the instrument almost to flash. 
It was supposed at the time that tJiis peculiar apj>earanee of the ves- 
sels could not be due to the blood alone, but must be caused, in part 
at least, by the conditions of the wall itself, which was supposed to 
be the seat of fatty or fibrinous infiltration. 

This opinion was apparently sustained by the fact that, as one ran 
tlie eye along the main brancliee of the arteries toward tlie periphery 
of the field, where the walk are thinner, the white, translucent appear- 
ance of the vessels grew gradually less. Moreover, under pressure, 
the trunks of the larger vessels remained visible, as fine and ratiier 
brilliant tlireads. This opinion that the walls were affected mast 
either have been incorrect, or a change had taken place in the eyes 
aa a post-mortem alteration. 

The autopsy in this ease presented in a marked degree all the 
symptoms which arc supposed to he characteristic of the disease 
that is now known as pernieioua ancemia. The eyes were given to 
Dr. Lennox, Curator of tlie New York Eye Infirmary, who reported 
as the result of his examination that " there was a certain amonnt of 
dimness of tlie tissues, especially that of the retina. The uervooa 
elements, apart from tlus, were apparently normal. Tliere seemed to 
tw no increase of connective tisane, and no luemorrhages. The ves- 
sels, botli arteries and veins, were normal, showing neither thickening 
nor degeneration, but they contained little, if any, blood — indeed, this 
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Bbeence of blood, even from the capillaries, was tlie most striking 
tiling about tlie preparation ; no red blood-cells at all could Ijo found 
ill eitlier retina, choroid, or in the ciliary vessels around the optic vein. 
In 80ine of the smaller vessels there were a few nuclei adhering to the 
vascular walk." 

Tliis agrees with other examinations that show that the structure 
of tlie vessel is not usually changed, although the capillaries are dis- 
tended. Manz found these filled with colorless cells, which would 
account for the general paleness of the fundus ; and I can only ac- 
count for the peculiar ophthalmoscopic appearances of the larger 
vessels hy the supposition that the plaemic current wliich surrounds 
the inner or red blood-column, was so filled with white corpuscles as 
to reflect a large amount of light, which jtartially, or where they 
were the tliickest, entirely concealed the inner or red portion of the 
current. 

Similar ophthalmoscopic appearances with those described as 
occurring in pernicious auiemia are also observed in other diseases 
in wliich there is a htemorrhagic tendency, such as scorbutic aniemia, 
purpura, scurvy, and malarial fever. 

Atrophtj of the Retinal Vessels. — Tills shows itself in a nnifonii 
reduction in the breadtli and length of the vessels ; also in a lighter 
color of the blood, and in a reduction in the breadtli and brilliancy of 
the light-streak ; in the increased visibility of the wall of the vessel, 
combined with the appearances of retrogressive changes of tiie rest 
of the tissue of the retina, and by the appearance of a white or gray- 
ish color of the head of the nerve. 

It will he seen at once that all these symptoms liear a striking 
resemblauce, in enumeration at least, t<> those of anipniia. Still, with 

it of them to a practiced eye there is a decided difference in degree, 
if not in character, which distinguishes them often at a glance. Thus 
the contours of the vessel in ansemia present their normal sharpness, 
and the walls Iiave a pellucid expression to them, which is wanting 
when atrophy is present, or even Injginning, Moreover, the vessels 
in atrophy become straightcr in their conrse, as if they contracted 
upon themselves as they became narrower, which is not the case, or 
at least not nearly to the same degree, in anemia. This is more 
noticeable in the veins than in the ai-teries, as they have a more 
tortnouB course. 

The reduction in size of the vessel usnally affects both the veins 
and arteries in an equal degree, so that the proportion Ijetween the 
two is tlie same, the veins remajning visible for a longer time liecause 
they are larger and darker in color ; but occasionally I have thought 
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that the abuormal pruceesos wliich caused the slirinkage l^i tlie ves^^ls 
were coiitined to tlie arteries alone, since tlie veins eitiier retained llieir 
normal size or were larger, while it was certain, from the color of tha 
nerve, that atn>ph; was begiiining. So, , too, when the atrophy is 
Bccoudary to Wolent inflammation of the retina, the arteries are usn- 
ally disproportionately small in comparison with the veins, as they 
always are after embolism or thrombosis. 

In the same degree as the vessel becomes smaller, so does the 
blood-column assume a lighter color, so that the arteries may become 
very difliciilt to trace, or invisible on the yellowish-red Iiackground, 
while the veins are still apj>areut as dark-red lines. Wlien, however, 
degenerative changes, such as sclerosis, are takiug place, which some- 
what interfere with tlie perfect transparency of the wall, the color 
ill the arteries seems to l>e maintained, nr at least their i-isibility is, 
as they can often be followed while much attenuated, far toward the 
periphery. In such cases the arteries seem to become narrower in a 
greater degree toward the nerve, perhaps because they are thicker. 
They lose, therefore, their natural tapering appearance, which is one 
of tlie earliest signs, to a careful observer, of some change taking 
place ill the walls of the vessel. 

As the vessel l)ecomes smaller, the reflex becomes narrower, and 
if the atrophy is carried to a considerable degree, it loses continually 
in breadth aTid intensity, and finally disappears, so that it is com- 
pletely lost, in some cases of atrophy where the vessels are of euch a 
size that it would be clearly seen iu a physiological condition. This 
shows that the translucency of the wall is l>eiiig reduced, and Uiat 
sclerosis or degenerative changes are taking place in it, which may 
go to such an extent tliat the wall itself liecomes visible, Tliis in- 
creased visibility of the walls, and the effects of inflanmiatory changes 
upon them, have already been treated of under perivasculitis, to which 
the reader is referred for a more detailed account. 

One of the most distinctive points in the discrimination between 
ansemia and atrophy is the appearance of the disk, and especially in 
regard to its color, or what may be termed its complexion. The 
Idleness of the disk in aniemia is simply a want of color, due to an 
insufficient quantity of blood in the smaller vessels of the papilla, 
which then has a soft, creamy look, while the pallor of atrophy of 
the vessels is more con.>ii)icnous, of a more brilliant tone, with a 
bluish-white tinge to it, like that of skimmed milk rather than that of 
cream ; or even at times it may have a tendinous or motlicr-of -pearl- 
like aspect. In this case atrophy of the vessels is usually combined 
with an altered condition of the uerve-fil)ers, and an increased amount 
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of connective tissue. At times there is instead of the bluish-white 
color a grayish tinge, which may be concentrated near the outer 
border of the nerve in a crescentic shape, which in the very initial 
stage of atrophy gives rather the impression of an increased than a 
reduced vascularity. 

Another important distinction between atrophy and anaemia is 
that even the lightest degrees of the former are accompanied, though 
not always in their incipiency, by disturbance^ of vision and a reduc- 
tion of the field of vision. 

Atrophy of the vessels can go to such a degree that absorption 
of certain branches takes place, followed in some cases by that of tlie 
trunks ; and to such an extent can this be carried that I have seen a 
case where the entire arterial system had been absorbed, the only 
vessel which was left being a portion of one of the lower veins at 
the disk. 

Leber is of the opinion that in these rare eases of congenital 
atrophy of the optic nerve, where there are no vessels at all to be seen, 
it is rather to be attributed to complete atrophy of the vessels tlian 
to a congenital want of them. 



CHAPTER n. 
IRRITATION OF THE HETINA. 

Midway between eimple lij-penemia of the retinal veaselfl and 
acttml inflammation stAiids a form of congestion tliat haa been aptl^ 
designated by Jaeger as irritation of tlie retina. Tliia form of con- 
gestion, although cliietly diHtingnislied from hyperBeniia by the prea- 
ence of functional disturbanceg, hafl yet some physical characteristica 
and features of its own which it is important to notice, especially in 
these days when all s^TnptomB of asthenopia are referred to an error 
of refraction, should by chance any such exist, even of an infinitesi- 
mal degree. 

The congestion due to irritation shows itself principally upon the 
disk itself, and those parts of the retina which inunedialely surround 
it. It lies in the most advanced portion of the head of the nerve, 
and it is therefore anterior to the connective-tissue ring and clioroidal 
border of the nerve, both of which it lias a tendency either to obscure 
or conceal when the congestion is of a i)ronounced degree. 

The increased redness, taken as a whole, is at tlie upper, iimer, and 
lower portion of the nerve — that is to say, the iiaeal portion of the 
disk. The injection follows principally the course of the larger 
vessels, and has a radiating or striped apjwarance, which is the more 
marked the more abundant are tlie connective-tissue elements. It 
follows also the striation of tlie nerve-fibers, and an ap|iearance of 
irritation is thus given to the nasal half of the disk, where the fibers 
exist in greater numliers, wliich other parts lack, while at the same 
time tlie redness is of a more aniform character, and appears to be 
produced by the smaller vessels. The injected portion has a some- 
what sharply defined border toward the poms opticus, and beeomea 
gradually less intense toward the periphery of the disk. As a rule 
the " light^spot " in the center of the nerve remains unaffected, prob- 
ably from the fact tliat the connective-tissue string anterior to the 
sclera, and consequently in the plane of the lamina cribrosa. contains 
no vessels except the central artery and vein (see Vol. I., p. 29). 
There are, however, exceptions to this rule ; and then the central part 
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of tlie nerve, or tliat immediately surrounding the vessek, is very 
mudi injected. But bucIi caties as theee are not ca^ea of siiuple irrita- 
tion, bnt of actual disease. It liappens most frequently in mild forms 
of neuritis and choroidal troulilet^, and then the increased rednese of 
the "light-spot" forms an important diagnostic mark between retinal 
and choroidal or scleral disease. 

So far as the neighboring tissue of the retina itself is concerned, 
we can detect by careful observation two kinds of redness : one, 
whicli presents a more or less diffuse tinge, and which lies princi- 
pally in the deejter layers of the retina, and whieli is j>rot>ably due 
to tlie congestion of the network of capillaries and iiner vessels 
tiist are situated in these layers (vol- i, p. 35) ; secondly, a super- 
licial redness that follows the striping of tlie nerve-fibres, and 
which is the more pronounced the more abundant the connective- 
tissue elements arc. This increased redness in the substance of the 
retina extends for a distance of one or two diameters of the disk out 
into the retina, except in actual inflammation, where it may extend 
much farther toward the jteriphery. 

In the higher degrees of irritation, especially in persons of dark 
complexion, tlie fundus assimies a redder apjjearance. and the nerve 
and surrounding region have an angry aspect, particularly when the 
connective-tissue string becomes congested, and tlie centre of the 
uerve reddened. On tlie other hand, especially with blonde persons, 
and especially, too, when the irritation has extended to the choroidal 
circulation, there is a paler kwk to tlie fundus, a sort of out-of-focus 
Appearance, which suggests the haze of an Indian-summer day, in 
which everything is clearly seen and nothing sliarply defined — an 
appearance which is very peculiar and very characteristic when once 
recognized. This effect is sometimes combined with what looks like 
ft mild fonn of maceration of the choroidal pigment, which shows 
it«elf in streaks and specks of displaced pigment. This kind of fun- 
dus is often met with in those forms of asthenopia in which there 
is either no error of refraction, or one so slight as to be out of all 
proportion to the amount of suffering. 

In the higher degrees of irritation the borders of the nerve are 
obecurod or entirely obliterated, especially at the upper and lower por- 
tions, and the fine and striated redness seems then to start from the 
exit of the central vessels, and to radiate out into the retina for the 
distance of one or two diameters of the disk, where it gradually 
paesea into a diffuse redness toward the periphery. Under these cir- 
cnmetances the lamina cribrosa loses its reticulated appearance, and 
the whole look of the nerve is that of beginiung neuritis — a eon- 
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, eiititiime for years witliont any further 



dition whicli may, 
developments. 

The larger vessels do not appear to Imb affected, aa a rule, not be- 
ing increased either in Bize, direction, or tortwosity. The process 
would seem to he limits, like bo many othtT irritatJone, to tlie tiner 
vessels and capillaries — t^i Buch a degree, indeed, as to suggest the 
idea that the capillflry circulation had an independent power of both 
expansion and contraction, that wag brought about by some fore© 
which did not necessarily ailect the walla of the larger veesels at the 
same time. .The region of tlie macula lutea is also in the higher 
degi-ees of irritation, more marked in tone, and possesses a deeper 
color, which may even bo combined witli the delicate, hazy appear- 
ance alluded to in the foregoing passage. 

The vision is not affected at all, but one of tlie most character- 
istic signs of irritations of the retina, and one which diBtinguiehes it 
from simple hypenemia, is the limitation that it places upon the 
proper functions of the eye. In the well-marked cases there are 
«yniptoiii8 which simulate those of asthenopia from errors of itfrac- 
tiou, such as fatigue, accompanied at longer or shorter intervals with 
blur, pain over the brow, and on the temples ; a quivering and uneteadi- 
ness of small objects, which forces the patient to turn away Ids gaze ; 
and there may be even a sense of dizzineBs and nausea, witli a marked. 
dread of light, 

I have repeatedly seen cases where there was no error of refrac- 
tion whatever, where the above symptoms were present, and where 
no other reasonable conclusion could be arrived at but that there waa 
a marked disturbance of function that was occasioned, not by any 
optical error, but by some derangement of the sensory apparatus — 
a condition which, like all other nenrotic affectiona, is easy to acquire 
and very ditBcnlt, sometimes almost impossible, to get rid of. In 
such cases complete and enforced rest, moderate and systematic use 
of tonics, glasses, and electricity, partial or complete tenotomy, all 
tried in turn, seem oftentimes to be without avail. 

I am inclined to think, moreover, tJmt what subsequently proves 
to be a serious affection of the eyes, to wit — nerve atrophy — is often 
preceded by a condition of irritation of the optic nerve and retina. 
Thus, I have fretpiently seen patients who complained of a blurring 
of the type and small objects, after close application of the eyes, 
where there was no error of refraction, but where a careful examina- 
tion showed that there waa a suspicious whiteness, or perhaps a gray- 
ish discoloration of the optic nerve. Or where there was on one 
side the signs of increased congestion, due to retinal irrittition, and 
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in tlie other eye tlie commencing traces of discoloration, due to 
atroi)liy. 

According to Jaeger, a further exciting cause for irritations of the 
retina arises in the development and course of various abnormal 
processes which, under symptoms of irritation or inflammation, occur 
in more or less distant organs, such as violent inflammations of tlie 
conjunctiva and the mucous membranes of the nasal passages, of the 
larynx, trachea, and bronchi ; troubles of the lungs, inflammation of 
the brain and its meninges ; also, as the after-results of measles, scar- 
let fever, lying-in, and other exliausting diseases. 

The fact that troubles in the nasal passages give rise to functional 
disability of the eyes has lately received a new impetus from the 
observations and success of the treatment of various practitioners, 
who, with good sense, have turned their attention from the prescrib- 
ing of glasses, with almost imperceptible degrees of curvature, to tlie 
medication of the real seat of the disease. 
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CnAPTEK III. 
INFLAMMATION OF TBF. RETISA. 

Whateveh it may be to patliology, it is certainly a matter of eoii- 
venient-e to recognize, so far as the oplitlialinoscope ie coiieeriied, two 
kinds of inliatumatiun — a etiientc and an asthenic form; ali the 
mure ho, as it nsually liappens that the stlienic form has its seat, or 
at least its ori^ii, in tlie inner layers of the retina, wliere the larger 
vessels lie, while the astlienic form takes its rise from the outer, and 
proceeds toward tlie inner layers. 

It will Iw noticed, moreover, that in tlie ethenic forms, where the 
oplithalmoscopic picture is more proiionnced, and the changes nmcli 
more conspicuons as a rule, tlie vision is less liahle to be affected, 
and sometimes, even with the most Hagrant signs of iiiHammation, 
remains perfectly normal ; while in the asthenic forms, or those affect- 
ing the onter layers, th^ ophthalmoscopic signs may l>e very trivial 
in degree, and yet vision he exceedingly bad. It is certainly marvel- 
ous to contemplate how indifferent the nerve-fibres may be to the 
effects of violent inflammation, hy which their very form as well aa 
nature would seem to lie changed, as in some cases of ctioked disk ; 
wliile, on the other band, they are so snsceptible to tlie sliglitest tonch 
of atrophy. 

The more sthenic forms of retinal inflammation are characterized 
by an increased congestion of the vessels which, in tlie case of the 
larger ones, is denoted by a marked and unequal enlargement, a 
darker color of the blood in the veins, witli an increased tortuosity; 
the arteries, on the other hand, are narrower and run a straighter 
course than even under normal conditions, while their color remains 
either the same as in health, or, as iu some long-standing and debili- 
tating diseases, it liecomes lighter than normal. 

The injection of the smaller vessels in these sthenic forms of 
inflammation shows itself in the diffnse and striated redness already 
mentioned, as occurring in irritation of the retina, only to a greater 
degree, so that not only is the redness more pronounced upon the 
papilla and its hnmcdiate neightwrhood, but also extends far into the 
retina, and sometimes nearlv over its entire surface. 
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ThiB red color, wliieli ie the result of inflaiiinmtion of tlie retina, 
is partly due to the increased size of the vessels and tbose of new 
formation, and partly to the extravaeation of the red blood-eor- 
puscles. Strange t« say. tliat extravasation occurs less frequently 
iu pure in t1 am I nation of the retina than would be supposed; and it 
would api>ear to stand less in proijurtion to the intensity of the in- 
Hainmation than to a condition of the walls, which favors diajiedesis. 
Thus, in the condition known as retiuitis htemorrhagica, the pro- 
cess is prolialily much more due to a diseased condition of the walls, 
or an altered condition of the circulating fluid, than to any inflam- 
matory action going on in the tissue of the retina, since we not 
infrequently see extravasations of eonKiderable or even great extent, 
without any signs of active inflammation, or of any loss of function 
or viBual jx>wer, except when tlie extravasations are near tiie macula ; 
while, on the other hand, we eunietimes see all the signs of intlam- 
matory processes of consideralile gravity, with a large amount of 
exudation and no hajmorrhage. 

From these changes the contours of the nerve and counective- 
tissne ring fade away— completely bo when the inflammation is of a 
marked degree. In sim- 



ple retinitis, uueombined 
witli neuritis, the poms 
still remains visible, al- 
tLongli even this may lie 
entirely obscured in the 
more violent forms, 
when tlie entire fundus 
is more or less uniform- 
ly discolored, and the 
position of the nerve no 
longer to be recognized 
except by the conver- 
gence of the vessels 
(Fig. 33. which is from 
Jaeger's " Hand-Atlas." 
Taf. xiii. Fig. 6-1). The 
general fundus becomes 

of a more Wvid red color, while at the same time it loses much of 
its natural brilliancy, and gives the impression of a lack of illumi- 
nation, or. in other words, as if the light which was thrown into the 
eye was consumed by the injected and more or less boggy tissue. 
The outer layers of the retina then become obscured, and the vivid 
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red i)as6e8 into a gmyieh red, then into a gra^igh white, or almost 
at tiniL's a real white, and in eiich cundltiont! the disk loses its capil- 
lary circulation, which ifi ohst-ured hy oedema. 

To theee s^inptwms. which pertain to the vaiicular supply may be 
added alt«o swelling of the retinal tissue, and that of the disk, wdema, 
exudation, and hsemorrhage. 

The swelling of the retinal tissue shows itself, a» a rule, in the 
greatest degree in the neighlxirhood of the disk, where it ie some- 
times enormously developed, less at the central parts of the retina, 
and least of all at the periphery, following thereby the gradual de- 
crease in thickness of the normal tissue. Wlien the eweUing is of a 
low degree, it is difficult to detect it. In higher degrees it shows 
itfielf very plainly by the considerable projection of the head of the 
nerve and surrounding tissue, and by the peculiar tortuosity of the 
vessels, and their variations in color, the former of whicli shows itself 
by a lateral or antero-posterior deviation, which is in proportion to 
the increased extent of surface of the swollen tissue. 

The increase in thickness of tlie retina is due in a moderate de- 
gree to hypeneniia of the vessels, but principally to iibrinous exuda- 
tions, hiemorrhages, and hypertrophy of connective tissue ; also to 
hypertrophy of the nerve-libreB, which shows itself, as will be seen 
later, by spindle-formed varicosities. 

In considering the effect which swelling of the retinal tissue pro- 
duces, a distinction must be drawn between a simple lengthening of a 
vessel and an antero-posterior or twisted course of the same. The first 
expresses itself, as a rule, simply ae a lateral de^'iation of t)ie vessel, and 
takes place in the plane of the surface of the retina, land where there 
is no or very little swelling of the tissue. This lateral deviation, in 
some forms of retinitis— -especially in splenic retinitis, where the ves- 
sels, jtarticularly the veins, may curve about and even dtmble upon 
themselves — is so great that the wonder is that such an amount of 
circulatory fluid, with a consequent increase of tlie cubical contents 
of the vessels, could exist with so little disturbance to tlie functionB 
of the eye. 

Where, on th^ contrary, there is considerable swelling of the tis- 
sue, and especially where this is unevenly distributed, the vessels take 
on an antero-posterior curve until tlieir direction is sometimes at right 
angles to the plane of the retina. This is shown by a change of color 
at the bend of the vessel, while tlie reflex on this part of the vessel is 
interrupted — that is to say, on the declivity of the bend, while on the 
crest it is present in its usual dimensions and brilliancy, unless there 
is some opacity of the tissue. The deeper the vessel lies in the 
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swollen tiaeue, the darker it looks ; bo that where tliere is an antero- 
posterior curve, the veseeb appear not only more tortuons but of differ- 
ent shades at difierent places in tlie Banie vessel. This applies i)ar- 
ticiilarly to tlie veins, but it is also applicable in a peculiar manner 
to the arteries in which the color often apixtara changed. Tliis is, 
however, not due to any diange in the blood itself, but usually to 
changes in the surrounding tissue — especially to a lack of transpar- 
ency ; when the outer layers of the retina ha^'e a deejxT red color 
from increased congestion of the smaller vessels and cajiillaries, the 
arteries, from contrast, appear of a lighter color, as they certainly do 
where there is an increased amount of Ihiid in tlie perivascular 
spaces. 

When, on the other hand, the inflammatory action is princi- 
pally in tlie inner layers — that is to say, near the arteries tlieinselves — 
they usnally take on a deeper shade. When the congestion of the 
retina is carried to a higher degree, and the surrounding tissue is 
much affected, the difference in color between the column of blood 
in the arteries and its surroundings becomes lessened — sometimes to 
such a degree tliat it is only with great diiBculty that the vessel can be 
differentiated from the rest of the eye-ground, and its course can only 
be followed by the reflex. Under these conditions the more delicate 
vessels can not be seen at all, or only during their most superflcial 
course and in isolated places where the changes in the tissue are of a 
more moderate degree. In this case the retina appears as if poorly 
provided with vessels, and these, too, are only of tlie larger kind, l)e- 
ing principally veins, which at times ap[)ear varicose, or at least wider 
in some parts tlian in others, or as if they were interrupted in places 
and empty of blood. Thus, cases not infrequently occur in the more 
pronounced forms of retinitis due to Bright's disease and tumor of 
the brain where, to the inexperienced observer, it seems as if there 
was actually no arterial circulation at all, and he is often surprised 
to see on the subsidence of the (edema and swelling the arteries and 
other vessels come again into vHew. These, indeed, are sometimes of 
their original size and direction, and l)ecome again almost thread-like 
in their dimensions from secondary contraction, and atrophy. 

As an effect of the inflamed tissue of the retina the underlying 
choroid loses its firm and clear-cut look, and the whole fundus has 
Qsnally a more or less smoky aspect, at least in the higher grades of 
retinitis. 

Exudations into the retina in broad and general terms may be 
classed as serous, fibrinous or albuminous, and purulent. These are 
characterized by a peculiarity of color under tlie ophthalmoscope 
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which in most cases seeme to establish their nature. Thus tlie serous 
iiililt rations have a grayish aspect, which is sometimes of so light a 
color as to ap[)ear almost white, which is thwi probaMy due to some 
change in the nerve-lilire layer, or to an admixture of lymph -corpus- 
cles. It has beeu shown that the pronounced white color of the ve&- 
eels, by which they apjiear to be transformed into untraiisparent white 
cords in perivasculitis, is due to the concentric layers of lymph-cor- 
puscles, aud it is fair to assume that they produce a similar effect in 
other places, although iniiltration of lymph -corpuscles into the tissue 
is not HO abundant or so frequent in retinitis and neuro-retinitis as is 
commonly supposed. The fibrinous aud albuminous exudations liave 
a whitish-yellow aspect, as, indeed, does that dependent upon fatty 
degeneration of tlie tissue ; but the former has a softer appearance 
and a less brilliant asiJect than the latter, which has sometimes even 
a glittering look. These exudations may pass into a grayish white 
stage, and finally give all the appearances of a membranous nature, 
containing a large amount of connective tissue. 

Purulent intiltration into the retina is very rare, or at least very 
rarely seen, as, in the diseases under which it occurs, the vitreoua 
humor is commonly so clouded that the fundus is completely con- 
cealed from view, as happens almost invariably in what was fonnerly 
called metastatic choroiditis or pautiphthahnitis, as it occurs in 
parturient women, in cerebro-spinal nieuiugitis, pytemia, and other 
grave forma of constitutional trouble. Still, there is a form of genuine 
septic retinitis in which purulent infiltration can be detected in the 
retina itself, while the media remain clear. This form of retinitis is 
usually characterized by a collection of wliitish spots of small size, 
tliat are usually situated at the macula or the region of the disk. 

I am inclined to tliink ttiat, as the ophtlialmoscope is gradually 
used more and more in general medicine, pyemic conditions of the 
system will not infrequently show themselves in tlie eye by signs and 
sy^uptom8 which will be more fully described under septic retinitis. 

In some cases, retinal infiltrations or exudations are so hght in 
color, and, for some reason not yet fully understood, reflect the 
light so strongly, that they have a great resemblance to plaques 
of choroidal exudation, hut are distinguishable from them with a 
little care, as they always have a subdued and woolly appearance, 
with ill-defined edges and a sense of depth which is absent in cho- 
roidal exudations. If such changes develop in the outer layers of tlie 
retina and optic nerve, then the radiation of the optic fibres Iiae a 
decidedly reddish, glossy, and striped ajipearance. The disk reflects 
more and more light, and then a glassy lustre gradually develops 
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over tbe surface of the retina and disk, which is not infrequently met 
witli, espeeiaUy along the coarse of the larger vessels, in certain f oriiis 
of neuro-retinitia from basilar meningitis. 

During the development of the changes incident to retinitis, pul- 
sation can readily be produced, ae a rule, in both arteries and veins. 
The arterial pulse can be produced in this case easier even tlian in 
healtli, soinetiiues even in the most violent forms of intiamiiiation 
and iu the greatest degree of swelling, as, for example, in choked 
disk, where it is more rapid and forcible, and extends over a greater 
surface, than in the normal condition. The amount uf pressure varies 
at times, occasionally requiring some force to produce it, while iu 
others it may ensue upon the slightest touch, to stop again when the 
pressure is increased ; and for this reason it is often overlooked. The 
pulsation in these cases is not usually upon a single vessel, but upou 
all the arteries up to the edge of the nerve, and even beyond into 
the retina. 

The venous poise, on the contrary, is usually somewhat harder to 
produce, is less intense, and extends over a less surface, tlian in tlie 
normal eye. 

It is often very important for the observer to be able to deter- 
mine whether the ophthalmoscopic appearances in a gi7en case are 
due to a progressive or retrogressive stage of inflammation. This is 
particularly important in regard to a prognosis, for decrease of vision, 
always a serious symptom, is more so when tlie disease follows the 
subsidence of an inflammation than when it accompanies its rise. 
"WTien retrogressive metamorphosis is going on, essential changes iji 
tlie color and ap[}earance of the fundus take place. The congested 
red color in the neighborhood of the nerve becomes less vivid, and 
of a darker and more sombre hue. "When the changes have extended 
to the deeper layers of the retina, there is a decidedly grayish, bluish, 
or even greenish discoloration of the head of the nerve, and of the 
nerve-fibre layer, which is most clearly expressed iu the neighbtir- 
liood of the disk. I have seen this greenish color so well marked 
on the borders of spots of old exudations as to resemble a pure em- 
erald^reen of a light but very brilliant hue. 

When the above changes in color are met with, it is a sign that 
tiie active stage of the inflammation has passed, or tliat tlie eye has 
been the seat of a similar inflammation at some former time. 

Changes also occur in the vessels. In the first stage of the eub- 
Eidence of tlie inflammation the arteries ap|)ear to be nonnally full, 
or even a little fuller tlian usual. When secondary contraction lie- 
gins to take place, from previous implication of tlie wall, tlie vessels 
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begin to grow smaller, and if the action hae Ixsen severe they may 
be<^'oine reduced to tbread-like dimensionB, either accompaiiied or not 
by white etreaks along their sides, and other signs of eecoiidary 
changed. 

The hteniorrliages lose their briltiant red and become of a darker 
color, especially near the edges, wliicli darker color in Boinetiinea 
followed by a complete de-hieniatization ; eometimes, however the 
blood is absorljed witliout any change of color, especially where the 
absorption is rapid, and the clot very small in extent, or very thin 
and scale-hke. On the other hand, in certain forms of retinitis, par- 
ticularly septic and splenic retinitin, or retinitis albiiminurica, the 
de-heematization may take place first in the centre of the clot, bo 
that this appears like a whitish or yellowish exudation with a red 
ring around it. Should pigment be present in any amount, either 
in small or large masses, the chances are that the inflammation is 
retrogressive, or even of an older date than the present attack, as 
pigment from some simple lifemorrhage is rare, and its presence in 
the retina generally shows an older process, with cicatricial contrac- 
tion of tho tissue. This l)ecomes almost a certainty when the color- 
ing-matter is fonnd along the edges or upon the surface of membra- ■ 
nons expansions, which have a white or glossy look. 

Another important diagnostic mark in retinitis is the state of the 
patient's vision. In ahnple hyperiemia. even of a pronounced degree, 
there is usually no disturliance in the ipiautity of the vision ; but in 
retinitis, even of the milder forms, vision is usually^not always, 
however — affected, so that there is either a decrease of the amount of 
central vision, or limitation in the field, of the nature of scotoma or 
distortion of vision. In this case objects are either reduced in size 
(micropsia) or altere<i in shape, especially as to their lionndaries 
(metamorphopsia). This usnally manifests itself most clearly to the 
patient when he is loi^king at objects whicli have straight perpen- 
dicular boundaries, such as the jambs of doors and the uprights of 
window-sashes, or, better still, when he is oliserving a set of parallel 
lines drawn rather close to each other; such lines then appear to 
undergo a deviation from their parallel course. 

If a contraction or crowding together of the retinal elements has 
taken place, the lines appear Irent outward, as shown in Fig. 34. A. 
If, however, the elements are drawn apart, then tlie lines bend in- 
wanl, as in Fig. 34, B. Sometimes the field baa a reticulated char- 
acter, as if the patient were looking through a sort of grating. 

There is oftentimes, too. in many forms of retinitis, torpor of the 
retina, in wliich the vision fails disprojxtrtionately to a reduction 
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in tlie illamination. When, therefore, there is a lack of definite 
ophtbalmoscopic appearancei^, a careful study of the amount and field 
of neion will oft«n put the 
pains-taking observer upon 
the right track, where a less 
careful one would liave 
thought the fundus still 
within phyeiological liiiitts. 
Such being some of the 
more prominent of the gen- 
eral characteristics of reti- 
nal ioilamination, it remains 
to notice thofie forms which, 
from B|)ecial features and 
distinctive qualities have ac- 
quired a definite designa- 
tion. In doing this it will 
be well for the student to 
remenil)er that we recognize Fio, m. 

the indii-idnal memlwrs of 

a type or species rather from their differences than tlieir similarities. 
To the European, so strong is the general likeness of the ('hinese 
face as to make it ditficult for him to distinguish the particular indi- 
vidual by his features alone, until, by constant practice, one gets to 
observe, unconseionsly it is tnie, the variations from the general 
form. It is precisely tlie same with the features of disease ; and he 
who learns earliest and liest to discard similarities, and to note and 
classify-differences, however minute, will make the best diagnostician, 
not only in ophthalmoscopy, but in every branch of medicine. 





CHAPTEK IV. 
niFFf.SE HETINITIS, 

Diffuse Retinitin. — Tliis may arise from any cause, either con^ 
tiitioiml or Iol-hI. and simply meaiu tliat tlie disturbance in tlie retina 
has extended in a rather uniform manner, and to a greater or less 
degree, over the surface of the membrane. It occurs uBually in the 
inner layers of the retina, but sometimes also in the outer. In each 
of these localities it is characterized by syiuptomis wliich it is impor- 
tant to notice. 

When situated in the inner portions of the retina it attacks prin- 
cipally the nerve-fibre layer, and tliat inunediatelly henoatli it, and it 
manifests itself l)y a grayiah disturbance in the retina, which may 
vary from a veil-like want of transparency to a thick and dense 
opacity of a grajish hue which obscures and often conceals the fundus 
below. The arteriee, as a rule, do not ai:^}ear to be much aSected, if 
at all, and they show very little, if any, increase in size or tortuosity. 
On the contrary, they often seem re<luced in size, and straightened 
in their course. The veins, on the other hand, here, as in other 
inflammatory processes, api>ear increased in size and more tortuous, 
and have at times an antero-posterior curve to tliein. as they dip down 
into the tissue, which tliey never, or almost never, show in simple 
hyperfeniia. They have also that disjointed appearance, with alter- 
nate diiferences in shade, which is shown when they are more or 
less concealed by overlying tissne of an o)>aque nature. By this 
they are sometimes so much concealed, or completely buried, that the 
deeper-lying veins are entirely invisible, and only the arteries are 
perceptible here and there upon the grayish surface of the retina. 
The veins, however, do not present tlie same degree of tortuosity a^ 
when the nerve is also implicated — that is to say, as we ordinarily find 
them in neuro- retinitis ; nor are the arteries of such narrow dimen- 
sions. Indeed, there are some cases of diffuse retinitis of a mild form 
in which, to a careless ohscrver, tliere seems to be little or no change 
in the vessels, especially as it is only occasionally tliat fine white lines 
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are Been to nin along the borders of either the veins or arteries, 
although this soinetimes does uccar in tlie severer forms. 

In the higher degrees of the inflammation tlie whole fundus 
loses its yellow-red colur, which gives pkce to a general grayisli or 
yellowish^ray hue. 

The disk is not visible as such, as tlie innermost layers of the 
nerve-tibres, as they pftss over into the retina, become infiltrated, and 
tlie demarkations made by the choroidal opening and the scleral 
ring are covered up, so that the position of tlie disk is often only 
marked by the convergence of the vessels at the porius. There is, 
however, as a rule, no cliange in the level of the disk, nor is there 
much development of hypertropliied or altered tissue. On the con- 
trary, tlie grayish infiltration extends pretty evenly over tlie surface 
of the disk until it reaches and merges into that of the retina. There 
is a well-defined sti'iping, or radiation, of the tissue immediately sur- 
rounding the head of the nerve, when the retinal congestion before 
Bpokeii of is present in the inner layers, but this is sometimes want- 
ing when the (edematous character of the trouble seems to pre- 
dominate over the congestive. Under tliese conditions the nerve 
and its immediate neighliorhnod seem to be absolutely devoid of 
email vessels, and the disk then seems to have a soft or soaked 
appearance, which is very different from what it offers in hyperemia 
or irritation of the retina. 

Hfemorrhages in tliis form of retinitis are not so common as in 
some otlier varieties, and when tliey do occur they are usually of 
small extent and of tlie striated form, corresponding to tlie direction 
of the nerve-tibres and following the course of the vessels. 

Changes at the macula lutea are also comparatively rare, and 
when they do occur they are nsnally small in degree and corresjiond 
to the region of the yellow spot itself. The yellowish-white plaejues, 
60 common in renal retinitis, and especially tlie star-shaped figuration 
at the macula, are seldom seen in dilfuse retinitis, especially in that 
form whicii is confined to the inner layers. Wlten, therefore, tlieee 
yellowish plaques are present, it usually shows that tlie trouble is not 
in the inner, but in the outer layers, or that both the inner and outer 
are affected. 

Tliere is, as a mle, but little general swelling of the tissue, al- 
though the effects of the inflammation may extend up to the anterior 
limits of the retina. 

The neighboring portions of the vitreous may be involved in 
Bnch a way that all the vessels of the fundus are more or less con- 
cealed from view. This ia especially the case where the retinitis is 
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due to eypliilia, and tlien the trouble often extendi; farther into the 
vitreous liunior, iu the shape of finely deyiuded and diffuse opacities. 

These ophthalmoscopic appearances may last for a long time, or be 
of a temporary character and fade rapidly away, to return again in 
the same manner, after a lunger or shorter interval. On tlie other 
hand, the trouble may end in atrophy of tlie retina, with or without 
repeated liiemorrhages into the vitreous, with formation of mem- 
branes, which som{;times become vascularized, and which may project 
a long way into the vitreous body. 

Nothing can be predicated as to the amount of vision from tlie 
ophthalmoscopic appearances, as they may be most threatening, and 
yet the deterioration be slight, or tliey may be hardly perceptible 
and yet vision very much reduced ; hut when it is so, the outer layers 
of the retina are usually affected. 

Diffuse lietinitis of the Outer Layers of the Retina. — This differs 
princi|)ally from that of the inner layers in the fact tliat the disturb- 
ances in the retina are posterior to the plane of the larger vessels, 
and that tb« veins are not concealed from view, and can be as plainly 
followed, atf a rule, as tlie arteries. Moreover, the infiltration or 
exudation is not of so grayish a tinge, but more yellowish in appear- 
ance, and thus the liiemorrhages, when they occur, are less drawn out 
and rounder in sliape, and do not eo closely follow the course of the 
vessels, Wlien the pigment epithehum is implicated, wldch is not 
uncommon, there are also evidences, especially in the retrogressive 
stages of the presence of pigment, which is sometimes collected into 
small concrete iriassee, and at otliers gives the effect of a granular 
or shagreen surface, or a smutchy effect, as if the color had run. 
At times, without doubt, tlie trouble does really e.'rtend to the clio- 
roid proper, and then we have a form of disease which may be and 
is very properly called chorio-retinitis ; but I am convinced that in 
many of these cases to which the name has been applied, tlie real 
seat of the disease is limited to tlie out«r layers of the retina and 
the epithelial layer, which is no doubt capable of undergoing an 
inflammatory process, with hypertrophy of the cells, wliich are trans- 
ported into the various layers of the retina from without inward, 
so that, although we may have oplithalraoscopic appearances, which 
clearly show the characteristics of choroiditis disseminata, or retino- 
choroiditis, yet tlie initial disease would seem to be often, if not 
commoidy, a diffuse retinitis, especially when this attacks the outer 
layers. 

Microscopic Charactenstics (jf -Diffuse Retinitis. — So far as the 
microscope is concerned, diffuse retinitis attacks preferably the nerve- 
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fibre layer and ganglionic layer. The retina, and especially tlie nerve- 
Ibre layer, becomes thickened, and the latter is infiltrated with 
Ijmph-corpuseleB. There ie also hypertrophy of the connective- 
tissue elements, and of the radial fibreK, which may even pierce the 
liniitaiis interna and form loops over the inner surface of tlie retina, 
from which probably tlie rnenibranea whieli extend into the vitreous, 
and which in some instances become vascularized, are derived. Pig- 
ment-cells are sometinies found deposited in the hypertrophied 
fibres. As a result of the inflammation, especially of the chronic 
■ forms, the nerve-libre layer and the ganglionic layers become atro- 
phied. IVliile these changes are going on, the outer layers suffer 
but little, as a rule. By long-contiimed hyperplasia of the connective 
tissne, however, they are apt to pass into a granular mass, and then 
be absorbed; so that, finally, only tlie connective-tissue staging re- 
mains. The layer of rods and cones is commonly but little altered, 
nnlees tliero is a separation of the retina, when it can either be much 
affected, or even entirely destroyed. 

A layer of albnminons fluid is not uncommonly formed between 
the pigment layer and the rods and cones; or between these and the 
liniitaus externa. In that form of retinitis that attacks the onter 
layers first, the changes that take place are princi^mlly an interstitial 
hyperplasia of the connective tissue of the granular layers, destrnc- 
tion of tlie rods and cones and pigment layer, with a partial hyper- 
trophy of the latter, and transmigration uf tlie pigment-oells into the 
retina. Besides this thin layer of fluid between tlie rods and cones, 
or between this and the limitans externa, there can also be a gluing 
together between the retina and pigment epithelium by nieans of a 
coagulable exudation that changes itself into connective tissue, and 
which by its contraction forms tlie atrophic spots so commoidy seen 
in ehorio-retinitie (Leber). 

drcumacribed Reiinitia. — This is a convenient name for that 
form of retinitis in wliich the symptoms, like those in the diffuse 
variety, are rather of a mild type, hut where the grayish or yellowish- 
white infiltration is limited to a particular |)art or parts of the retina. 
The infiltration is inclined to extend in a longitudinal manner along 
tlie princi[Mil vessels, if in the inner layers ; if in the outer, it is of a 
more circular fonn and of a more yellowish tinge. There is, as a 
rule, very little increased redness of the disk, and but few if any 
signs, either upon the surface or the neighborhood of the paj>illa, 
unless this has lieen the seat of a protracted and chronic form of 
inflammation ; and tlien sometimes the larger vessels are bordered to 
a sJight degree with white lines, or their walls are more accentuated in 
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color 80 116 to iHjcome visible to the mirror. If the disease le of long 
standing, all the layers of the retina gradually jiartit-ipate in the 
trouble, and the grayish infiltration by degrees assoineB a white hue 
along the borders of which there may be collections of pigment, and 
wliieli may go on until thei-e is complete atiophy of the choroidal 
tissue, allowing the sclera to shine through it. The disease then 
may be fairly called retiiio-choroiditis. This look of complete atro- 
phy may take place witliout a corresponding decrease in the vision, 
which may be nnexpeetodly good, even over the affected portion, 
so that the scotoma, which is clearly present upon a careful ex- 
amination, gives but little or no inconvenience to the patient, espe- 
cially if thii atrophic spot is in tlic ]icri]i]iciT of the field. When, 




however, the trouble is situated, as it not infrequently is, at the macnla 
lutea, the central vision is very much affected, and the scotoma well 
defined, sometimea to a degree of total loss of vision in the region of 
the defect. 

There is a form of circumscribed retinitis which is of great inter- 
est and importance, as it at times simulates the retinitis of Bright'e 
disease so closely as to lead to the belief that there must be renal 
trouble. Repeated examinations of the urine, however, made even 
at long intervals between each other, show that this is and remains 
normal ; and the only alternatives are, either tliat there are cases of 
retinis of a renal cliaracter, which show tliemselves in the fundus 
of tlie eye before the disease can be detected through the urine, or 
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tJiat there is, in some rare eaeea, a form of local retinitis vrh.)i:h closely 
resembles that of Briglit'g disease. 

This form of retinitis shows itself in the shape of small, yellow- 
ish-white llecks or spots of a roundish shape, whicli are, grouped 
together in clusters. These are evidently in llie outer layers of the 
retina, and are usually situated in tlie neigliborhood of the macula, or 
between it and the nerve. When at the macula, they are aometiines 
arrauge<l in the star-shajjcd form so commonly met with in Bright's 
disease, and there are also the same changes in tlie pigmentation of the 
region. When situated near the nerve, the smaller spots sometimes 
coalesce and form round the nerve upon the temporal side a well- 
ebaped crescent, which is so like that of the ordinaryconus as to lead 
to the belief, at least upon a cursory examination, that there is a high 
degree of posterior staphyloma when the eye is really emmetropic or 
hypermetropic to a liigh degree. With a little care, however, it is 
seen at ont* that the color is entirely different, being of a dull straw- 
color ; and that the choroidal tissue, instead of being atrophied, is 
simply covered up by au exudation or tissue-change, that lies in 
front of it. A remarkable jwint in tlie disease is the want of any 
active intiammatory condition, and especially tlie absence of any vas- 
cularity, swelling, or cedema ; vision may or may not l)e much affected. 
In one or two eases, in advanced age, I have seen it nearly obliter- 
ated. 

This fonn of retinitis occurs usually in elderly people, and is 
probably due to some diseased condition of the walls of the vessels. 
B«t I have seen it sometimes in young people, notably in the case 
of a young uimiarried woman, in which repeated examinations failed 
to detect any kidney trouble whatever. Still, on tlie other baud, I 
have seen a case in which these changes were observed in the retina 
for three years, and where, during all tliis time, there were no abnor- 
mal symptoms in the urine, but where finally Bright's disease did 
develop itself. It thus l>ecomes a matter of great interest, in res|)ect 
to the fact whether disease of the kidney does not sometimes sliow 
itself in the eye months, or even years, before its presence is sus- 
pected in the urine. 

Cireiimsn^d Retinitis of the (hiter Layers. — This is a pe- 
culiar form of circum6cril)ed retinitis which consists of an increased 
thickness of the outer layers, and which is restricted to certain 
limited portions of the retina. The increased thickness is produced 
by g hypertrophy of the outer granular layers, with cedematons swell- 
ing, and changes at times in the layers of rods and cones, and pig- 
ment layer. This fonn of circumscrilied retitiitis occurs most fre- 
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quently iiiiiuediately aronnd the optic nerve, wliere it octiaeioiis a 
ridge-like swelling, like a whII surrounding the outer border of iho 
disk. 

This form ot^^urs eepeoially in syphilitic retinitis, and also, as will 
be seen later, in choked disk, wliere tlie outer layers are tliickeiied, 
and Rplit-like oi>t!nings occur in the retina, which are tilled with 
cedematons fluid. 

Another rare fomi of tliis kind of retinitia occurs in the region 
of the yellow spot, which then becomes so untransparent as to reveal 
itself to tlie mirror. There is little or no change in tiio natural color 
of tlie retina, however, and the affected portion lias not the soft look 
which accomjjanies ordinary retinitis. The mound-like swelling, 
which is an anatomical element of tlie part (see Vol. I, p. 32, et al.), 
api^ears to be increased in thickness, which may amount, as measured 
by the ophtliabnoscope, to one or more dioptrics. Tlie inner surface 
of the tumefaction thus formed, is always smootli and even, as if it 
had been simply pushed forward by the increasing substance of the 
outer layers. The outer surface must, however, at times be elevated 
into ridges or furrows by the uneven projection outwards of the 
swollen tissue. The epithelial layer tlien follows the ineijualities, 
and is displaced from its natural position, which is shown by the play 
of shadows, as the eye of the patient undergoes slight nioveraente. 
The black lines then fonned in one place in the furrows, and imiting 
in another, change from a black hue tu a dull gray and .bavk again to 
blaek, when the eye returns to its original position. 

The vessels of the part appear to be increased in size, while either 
vessels of new formation are present or those which previously ex- 
isted have become so enlarged aa to become visible. A marked feat^ 
ure in some of these cases is the peculiar appearance which the cen- 
tral portion of the region of the macula and fovea present. Tliis lat- 
ter seems to be so sharply detined that it offers tlie api)earance of a 
clean-cut opening — aa if, indeed, the tissue had been cut at this place 
with a punch. There is, however, no want of continuity of the reti- 
nal surface, and the effect is simply due to the exaggeration, through 
swelling, of the natural curves which enter into the formation of tliie 
part of the retina. I have seen cases of this description which had 
indeed been diagnosticated as rupture of the retina at the fovea. The 
tmnefaction may, moreover, load to the suspicion that a morbid growth 
is forming, which is only removed by tlie cessation of the process 
and the entire subsidence of the swelling. There is, as a rule, the 
usual central scotoma, with nietamorphopeia and micropsia. 

Not infrequently in myopic, and occasionally in other eyes, there 
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occnra & peculiar form of retinitis riglit at tlie macula lut«a, tliat 
would Bcem not only to be in the outer layers of tlie retina, but also 
ill the pigment layer itself — as if, indeed, exactly at this spot there 
Iiad lieen a development of pigmeut^a sort of hypertrophy of the 
pigment-cell— a pigmentitis, if sueli a word can hu uiied. This then 
shows itself, by a collection of pigment at and around the fovea, 
accompanied by little or no otlier iufiamnmtory syinpU>ms (see Fig. 
3ti, also cliromo-lith "graph, Plate V, Fig. I). The jiifjiiifiit is usu- 
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ally collected in a circular inaas of a greater or lesser density, or it 
may iiresent a reticulated shape similar to that of the coarser forms 
of black lace. 

It ha« usually Itoen assumed that this pigment was the result of a 
preceding hasmorrhage, from the fact that with inflammations at the 
macula we sometimes find, especially in myopic eyes, htemorrliage 
associated with the pigment changes (Vol, I, frontispiece). There 
is, however, but little or no doubt that the pigment changes can 
take place withont any occurrence of lueniorrhage at all. That in 
these cases the pigment is due to retinal disease, and is not of 
choroidal origin, is shown by tlic disturlmnce of tlie central vis- 
ion and tlie peculiar distortion of straight lines. It is shown, also, 
by the opht!ialmosco|iic appearances, and by those of the micro- 
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scope, which shows cliangus iii tJit- uult-r lajers of tlie retina and 
pigment layer. 

The inflammation may, as it often does, extend to the t-horoid, 
an3 then we have the appearances of a spot, chorio-retinal disease 
with choroidal exudation or atrophy and the lustrous surface of the 
sclera. 

Care should be taken not to confound the disturbances of pig- 
ment due to some light form of choroidal disease, or, ludeed, to 
some congenital peculiarity, with the retinal affection mentioned 
above. This can usually be told from the distnrl)ed state of the 
vision. 

Earer even than this form of pigmented change at tlie macula ia 
a small — sometimes, indeed, very small — ^circular spot of exudation at 
the fovea and macula. This then, like otlier spots of exudation, has 
a grayish or yellowish color, and produces a defined and limited sco- 
toma. These spots nsnally leave a lasting defect in vision, but they 
may occasionally be re-absorbed with very little or no impairment of 
sight. 

Sometimes instead of a single spot there may be one small central 
epot just at the fovea, surrounded by a circle of still more minute 




spots of a light yellow color (see Fig. 37, also cbromo-litli 
Plate V, Fig. II). [Mee also those shown in Jaeger's " Hand 
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Taf. XX, Fig. 89.] Th^e spots sometimes give forth a glittering re- 
flex, as if tliey were due to eoine lustrous substance. Theee cases 
iJiould not l>e confounded n-itli tlie somewhat similar pin-point ejwts 
which occasionally occur iu the region of the yellow spot in eyes tliat 
are perfectly sound, or at leaat in eyes in whicli there is no disturb- 
ance of vision or otlier dbnoruuty. 

Helapnnff Central Retinitis.— T\\h peculiar form of retinitis was 
first pointed out by Von Graefe, and usually occurs in syphilis, bnt may 
have a non-specific origin. It is fonnd in the latter stages of syphi- 
litic disease, and is marked by a sudden obscuration of central vision, 
wliich may last only a few days or continue for months, when an 
ijnprovement follows, or even apparently at first a cure, only to relapse 
again and again. In the first stages of the disease the patient sud- 
denly complains of a loss of central vision, which is shown to consist 
of an irregular scotoma. 

The mirror reveals a light opacity at the macula of a grayish or 
yellowish color, with groups of small and delicate punctate masses. 
There is bnt little disturbance of t)ie disk. In the first attacks the 
ophtbalmoecopic appearances usually pass entirely away. Little by 
little, however, changes occur at the macula, which become perma- 
nent, and show themselves by disturbances in tlie pigment and clianges 
in the stroma of the clioroid. 

Jietinitig Punctata Albescens. — This is a form of circumscribed 
retinitis which in later years has acquired a distinctive appellation of 
its own, altliough tlie writer has occasionally seen cases of it for the 
past twenty years, and looked upon it as a certain form of circum- 
scribed or punctate retinitis. Since Mooren, however, gave it a name, 
eeveral eases have Ijeen reported in literature under the above title, 
and not a few shown at the various clinics and societies. 

The principal features of the disease consist in the presence of a 
great numtjer of very minuto dots of a whitish color (see Fig. 38, also 
ehromo-litliograph, Plate VI., Fig. 1), so minute, indeed, that in some 
cases they can only Ije seen with the ui>right image ; and then are so 
small and so closely packed together as to give the appearance of a 
stippled surface of a yellowish-white color. At other times tlie spots 
are larger and at greater intervals from each other. The spots them- 
selves are usually round, but may be at tunes of an oval form. They 
are almost always situated between the disk and the macula lutea, 
although I have seen a case where the entire fundus seemed studded 
with minute white dots. 

There are nsually very few signs of active inflanmiadon, although 
at times tliere is some vascular disturbance, some increased tortuosity, 
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esjiecially of the veins, and at otiiers some small lijemorrliageB ; or, in 
other words, tliere may Ik aftsociatcd with tlie spots the symptoms of 




a mild form of retimtis. Vision is commoidy more or less afEected, 
and there is usually a central scotoma when tlie macula is involved. 
Dr. Burnett has related a cane, and given a drawing of the ophtlial- 
moscopic appearanceB ; mentioning, also, the cases reported by Mooren, 
Kuhiit, and llirschherg (" Archives of Ophthalmology," vol. xii, Vol. 
I, p. 22). 

Jietinitis HiBmovrfiagica, or ApopUcHa. — Strictly sjieaking, this 
is not a form of retinitis, but rather a symptom than a disease, since 
hsemorrhage is common to all forms of retinal inflammation. More- 
over, it is usually due not to a disturbance of the retinal tissue, but is 
a disease of the walls of tlie vessels themselves, which favors the 
transudation of the hlood-corpnscleH, It is rather, then, a vaeculitJa 
than a retiiutis. Wlien, therefore, signs of retinitis are present, these 
are usually secondary and due to the irritation caused by the blood- 
clots, which may lead to a diffuse disturbance in the retina, to foci of 
fatty degeneration, and to varicose hypertrophy of tlie nerve-tibres ; 
also, occasionally, to acut« glaucomatous attacks. Care should be taken 
also to draw a distinction between simple hemorrhagic extravasation 
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nto tlie retina aud phlebitis witli thrombosis, wbicb may l»e acconi 
Mnied by all the sigus of Uie most active inflammation, as showi 
elsewhere. 

A striking pecnliarity of so-called retinitis hsemorrhagica is the 
jreat diminution in the diameters of the arteries ; so much so, that the 
wonder arises where the supply for such profuse and repeated hajuior 
rhages could possibly come from (see Fig. 39, which is from Lieb- 
reich). 

Upon looking upon a well-marked case of retinitis hiemorrha- 
gica, tlie conviction is almost irresistible that the bleeding is due 
tu rupture of the walls of the vessels ; but here, as in otlier hiemor 
rhages into the retina, the microscope does not show any break in 
the walls, and tlie bleeding is consequently to be looked upon as the 
result of diai)edesis rather than rhexis ; although tins may, and no 
doubt does, occasionally occur, at least as the result of traiunatic 
rupture of the globe. 
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As a. rule, tlie h»morrliages are from tlie larger vessels, and are 
eitnated near the nerve, and may vary in a marked degree in nuinlter, 
eize, and shape. In simple retinitis licpjiiorrhagica, the extravasation 
begins to grow pale at the edges of the clot and not in the ceiltre, bs 
is the case in septic retinitis and other forms of retinitis, where the 
composition of the blood is altered as to the proportion of its compo- 
nent parts. (See Liebreich's ''Atlas D' Ophthalmoscopic," Tab. viii, 
Fig. 1, et aeg.) 

When, as sometimes occurs, white spots are formed in the retinal 
tissue by fatty degeneration or through varicose hypertrophy of the 
nerve-ribres, there is considerable similarity between tliis form of 
retinitis hiemorrliagica and retinitis albuiuinnrica. 

The liisease usually occurs in elderly j>eople. and is fretjuenlly met 
with in connection with diseases of the circulation and valvular troubles 
of the heart, hypertrophy of the left ventricle, and aneurisms. 

Eetinitis hsemorrliagica may occur in both eyes ; when it occurs 
in one eye, it is usually associated with disease of the heart. It is 
also often the forerunner of cerebral apoplexy, although the dis- 
ease may last for years without any signs of heart-disease, and with- 
out being accompanied by any cerebral or other constitutional dis- 
turbauce. 

Syphilitic Retinitis. — The Infection due to syphilis may be ac- 
companied or followed by any form of retinitis. It may attack the 
outer layers or the inner ; may be circumscribed or diffuse, tliough it 
is usually the latter. It may, moreover, be associated with neuritis, 
forming genuine neuro-retinitis, which, when ao^ompatiied by gnm- 
mata of the brain, may express itself in the most violent manner, such 
as it is common to find with cerebral tumor. Syphilitic retinitis may 
he associated, and often is, with choroiditis, producing a retino-cho- 
roiditis of a typical form. Still, notwithstanding tliis comprehensive 
character of the disease, there are some ijocniiarities which occur so 
frequently with it as to t)e somewhat of an aid in differential diag- 
nosis, and which lead to the empioj-ment of specific remedies that 
might not otherwise have been adopted. 

In the first place, the retinitis is usually of a diffuse form, in which 
there ia httle if any change in vascularity. The di8turl)auce is usually 
near the nerve, and follows the larger vessels, shooting along theBe at 
times in a comet-like way. This form of retinitis is almost always 
accompanied by troubles in the vitreous of a diffuse nature, and which 
consist of dust-like aggregations, with now and then a thin, sparse 
membrane. Htemorrhages are comparatively rare, altliough there are 
cases in which they not only occur, but are profuse. On the other 
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hand, iritiB, which is usually rare iu otiier forms of retinitis, is not 
uncommon in tlie speeitic varieties, Irido-fyclitis is also very apt to 
occur with either serous or plastic exudations. Some autliurs men- 
tion the fact that, iMisides the more gentle elevations of tlie surface 
of the retina, that occur when the external layers are increased in 
tliickness, and which may happen in ordinary retinitis, there may be 
in this variety organic masses of considerable size which may project 
for quite a distance into the vitreous, and which later by secondary 
contraction turn into while cicatrices of a radiating form. These 
might possibly be of the nature of guinmata. I have, however, never 
seen such growths. 

Syphilitic retinitis often passes into ehorio-retinitis, especially when 
it begins in the outer layers of the retina, and marked changes some- 
times follow even when tlie retinal disturbance has seemed with tiie 
ophthahnoscope to be very slight. Thus, in the later stages, and as a 
retrogressive appearance, there often comes a diffuse paling of the 
pigment layer, with the development of flecks of pigment, wliicli dif- 
fer from tliose of retinitis pigmentosa (see sketcli at bottom of Fig. 
40), inasmuch as tliey do not have the characteristic bone-corpuscle 
shape ; nor do they correspond so nearly with the course of the ves- 
sels and perivascular spaces, although occasionally not only does the 
trouble assume the appearances of a true retinitis pigmentosa, but 
does indeed turn into it as a secondary result. 

Through tlie atrophy of the epithelial layer the fundus accjuires 
all tlie appearances of a diffuse choroiditis, with marked changes in 
the pigment and stroma. (See Fig. iO, also chromo-lithograph Plate 
VI, Fig. II). 

From the considerable changes which occur in the choroid, and 
the comparatively slight disturbance in the retina, it might be inferred 
that the trouble in these cases began in the choroid, and it has been 
■ claseed by some authors as syphilitic choroiditis. There is no doubt 
but that this is sometimes the case, but the origin of the disease is 
nevertheless usually in the outer layers of the retina. 

Besides this difliuse retinitis, which is so characteristic of syphilis, 
we sometimes get a true plaj^tic retinitis, which tlien shows itself in 
circnmscribed spots of a yellowish-gray color. These spots may ex- 
tend for a considerable distance along the vessels, or they may Ire of 
a small, round form, and be either in circumscribed localities, es]>e- 
cially in and around the macula, or strewed over the entire retina, 
and sometimes so closely aggregated together as to give to the retina 
a stippled appearance, resembling that sometimes seen in retinitis 
alheecens. 
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Tlie vision is soinetitiies very much reduced in specific retinitis. 
It often improves to a considerable degree only to fail again when 
secondary changes occur, and tliie is especially the caso in central 
relapsing retinitis due to syphilis. As in other forme of retinitis, 
atrophy of the membrane to a greater or lesser degree may occur, with 
reduction in the size of the vessels and paling of the disk. This, 
however, is not always the case, and we are sometimes astonished to 
find so great a reduction of sight, after the attack has passed off, with 
BO comparatively a normal fundus. When the trouble is in the outer 
layers of the retina, we have the usual torpor of the retina bo common 
in all forms of retinitis when these layers are affected. With this 
torpor retime there are peculiarities of the field of vision which are 
expressed by the ordinary and ring ecotomata, which are very differ- 
ent from the contrat^tions of the field, when the stem of the nerve ia 
affected. The color-sense is not usually affected, unless there is some 
atrophy of the optic nerve. 
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Renal Hetinitla. — Nephritic retinitis, retinitis albnmiDurica, or the 
J retinitis of Bright's disease, as it is variously called, may occur with 
I any form of kidney-disease, although it occurs most fret|iiently with 
tlie contracted kidney. It is found also witii tlie large, white kidney, 
and witli lardaceoue degeneration of the kidney, but especially, if not 
Bolely, in the chronic forms of these diseases. The ocular changes 
\ are oBualiy associated sooner or later with hypertrophy of the heart, 
I ftnd it is only in exeeptional eases that it is not. They usually occur 
only wliere there is real organic disease of the kidney, although it 
has been asserted, by Eales and others, that thej- may lje found in 
young jMJopIe in that variety of cases which are to be classed as tem- 
porary and functional disturlMinces, in which for the time being 
alliuuicn is pre-sent in the urine. 

In the earlier stages of the disease the changes may present them- 
selves in a variety of forms which have nothing distinctive in them. 
They may take the form of an ordinary circumscribed retinitis of a 
mild form, or of a retinitis hemorrhagica, siiice extravasation forms 
a conspicuous part of all renal retinitis. I have seen cases where the 
only nphthahnoscopic sign was a single small spot of haemorrhage or 
exudation, without a trace of vascular disturbance upon the disk or 
surface of the retina. In the early stages there is but little if any 
swelling of the tissue. In common with other forms of retinitis the 
arteries are sfimewhat reduced in size, although both tliey and the 
veins seldom show tortuosity, or twist to any considerable degree. 
The reduction in the size of the arteries is probably due to contraction 
which takes place in the smaller vessels in Bright's disease, and which 
leads to hypertrophy of the muscular coat, and to decrease in the 
lumen of the vessel by formation of a tissue, by which it may be en- 
tirely obliterated. 

When retinitis albuiiiinnrica has assumed a distinctive and char- 
acteristic appearance it has usually passed from a state of simple 
retinitig to that of neuro-retinitis, and it is really under that form 
that it is oftenest seen with the mirror. When thus seen its chief 
characteristics are shown by the presence (tf large yellow masses 
(see Fig. 41. also chromo-lithograpli, Plate IV, Fig. II), which are 
commonly situated near the optic disk, and arranged more or lees 
in a circular form round the ])a]jil!a, but at a little distance from it. 
This zonular character of the white plaques differs from that of 
other fonns of retinitis in which the exudation and degeneration 
are less diffuse and more hmgitudinal in extent, and which corre- 
spond more closely with the direction of the larger vessels. Near 
the disk these wliite masses have a tendency to coalesce, and the 
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papilla then becomes tlie centre of what appears to be an eiiornious 
plafjue of exudation. 

It is, however, at the macula that the most characteristic signs 
occur. These consist in the jiresence of a collection of circumscribed 




minute dots surrounding the macula, or by a star-shaped figure of a 
radiating character. Tliese signs are almost pathognomonic of Bright'a 
disease, though it must be admitted that they are sometimes met with 
in the secondary or retrogressive stages of other forms of retinitis 
and iieuro-retinitis. It is the constancy of its occurrence and its 
presence in the earlier or progressive stages of the trouble which are 
characteristic of Uright's disease, besides the fact that the color of the 
masses is softer and more yellowisli than when they are the reanlt of 
secondary changes, for at this time they have a whiter and more cica- 
tricial asjwct. 

It is not yet known exactly to what these dots and star-sliaped 
figures owe their peculiar appearauee, but it is probably due to fatty 
degeneration of the tissue, and principally, according to Schweij^r 
and others, to that of the radial fibres which end here. It would 
seem, also, as if fatty degeneration and sclerosis of the capillaries and 



RENAL RETINITIS. 



^ 



small vessels in which thie region abounds, with hypertropliy of the 
eonnective-tisBue elemente, must contribute largely, if not priiu-i [tally, 
toward tiie prodijctioa of the appearances. (See Vol. I, pp. 35. 36.) 

The stellate fignre eometimee seems to rest uiwn a dark l>ftek- 
grouiid, or tlie yellow radiations to alternate witli those of a dark- 
brown color. This, according to most observers, shows aii alteration 
in tlie pigment layer. From the pecnliar radiating direction of these 
dark stripes, however, it might also be a question whether they were 
not due to alteration of tlie 1ia.'inatln in the blood of the diseased 
smaller vcseeb and capillaries ; especially as, after long lapses of time, 
the brown color often disappears entirely, lenving only small white 
dots and minut« white strite. 

The large. wliit« plat^ues, so characteristic of this form of reti- 
nitis, consist of regions of hypertrophied nerve-fibree and fatty degen- 
eration, and it is sometimes a little difficult to make a distinction 
between the two. The hypertrophied fibres, however, lie in the inner- 
jnost layers, while the fatty degeneration is principally in the mid- 
dle and outer granular layers. This can often readily lie told by the 
fact that tlie vessels run unimpeded and unconcealed over tlie white 
phuines, showing that tliey are in a posterior plane. This is clearly 
eJiowu in Liebreich's " Atlas," Tab. ix. Fig. 1. There is a difference, 
too, in color and texture. The hypertrophied nerve-fibres, especially 
in the Ial«r stages, have a grayish tinge and a firmer look, while the 
fatty degeneration is more yellow and of a softer and less condensed 
appearance ; and where the two exist together, as is not infrequently 
the case in the inner layers, the contrast is more marked. 

Htemorrhages may take place in any stage of Bright's disease. 
Tliey are conmionly situated in the inner layers, and have conse- 
quently oftentimes a radiating appearance. Tliey may, however, espe- 
cially in the later stages, have u circular fonn, and then have a white 
centre, with a red circle surrounding it. Small punctate extravasa- 
tions occur sometimes as an early symptom in the deejier layers nf the 
retina, and when this takes place -the prognosis is apt to be less favor- 
able than when the bleeding is from the larger vessels. 

lietinitis albuminnrica may suddenly become, or gradually pass 
into, tt violent form of neuro-retinitis, which may simulate that due to 
cerebral causes so exactly as to offer but few if any distinctions from 
it. Still, as a nile there are hoiiic distinguishing marks which serve 
to point out the true nature of the disease. Thus, in the earlier stages 
of retinitis from Uright's disease, the hvpenemia is more apparent in 
the smaller vessels of the disk, which produces a more diffuse redness 
of the papilla, the larger vessels Iteing very little, and often not at all. 
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affected. In choked disk, ou tLe contrary, from cerebral dieeaee, the 
larger vesaeb are the first to show any sig^iis of congestion, cepecially 
tlie veins, which are often increased in ilieir diameter aud liave an 
increased tortuosity, which is sometimes extremely marked even in the 
very beginning of the trouble. Tissue changes also occur in the inner 
iaycrs of the retina much earlier in Bright's disease, titan in choked 
disk dependent npon cerebral disttirl»ancea. The white plaijues are also 
more numerous, more ajrt to coalesce, and hence have a larger euper- 
ficial extent in retinitis atbnminurica, than in choked disk. The swell- 
ing nf the nerve and the surrounding tissue is less iu Bright's disease, 
and fades more evenly off toward the periphery, while in choked disk 
the head of the nerve protrudes to a greater degree and joins tlie 
retina with a rather sharp declivity, forming a sort of circular plateau, 
over the edges of which the vessels dip down into the geiieml level of 
the retina. This mushroom form of the papilla is qiute characteristic 
of tumor of tlie hrain, and when combinetl with an excessive eleva- 
tion, as, for example, from 7 to 9 D., is nearly always a sure indica- 
tion of a growth of some kind in the brain. The matter, however, is 
of less importance as a simple examination of the urine is usually suf- 
iicient to establish a diagnosis. Still, it is not always so, as the 
changes in tlie eye may in some eases of granular kidney precede, 
even for a long time, the presence of albumen in the urine, and it is 
therefore well to bear in mind the preceding distinctionB, as they hold 
good m a differentia! point of view between tumor of the brain and 
other fonns Df retinitis. 

Jietratfresgive Appearances. — In the retrogressive stage of reti- 
nitis allmininurica, like that of other forms of retinitis, tlie changes 
can disappear completely, or they can come to a standstill, or relapses 
may occur even after an improvement has taken place. On the other 
hand, the ophthalmoscopic appearances may become less and lesB, 
while at the same time the disease is progressing. Of the plaques, 
those at the macula lutea are the last to disappear, and these can re- 
main after all other changes have faded away, or, according to s 
authoi-ities, may never disappear. Wliite, glistering spots, probably 
due to cholesterine, sometimes occur in the plaques, wliile at others 
glittering points are seen that have the appearance of minute deposits 
of lime. 

As the secondary changes progress, the papilla gets more and n 
discolored, becomes again shart>ly defined, and may gradually pass 
into a condition of atrophy more or less complete, while the vessels 
slutw tlie usual reduction in diameter, with signs of hyperplasia of the 
adentitia. Sometimes in this stage of the trouble tliere are marked 
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' changes in the epithelial layer, and the fundus aBsomes tlie appear- 
snceo seen in difEuse chorio-retinitis, sliowing that the outer layers of 
the retina and the epithelial layer, if not the choroid itself, have par- 
ticipated in the disease. 

Nephritio Jietinitis of Pregiiancij. — This does not differ from 
tliat due to ordinary Bright's disease, as they are both dne to the 
same cause, since the retinitis of pregnancy is not cau^d simply liy 
Btasib hyjterseinia. hut is a true nephritis. Neither is the retinitis 
due to the presence of the albumen alone, as there are cases of true 
nephritic retinitis, in which there is not a trace of albumen or casts 
of any description in the urine ; while, on the other liand, there are 
eases where albumen exists, and where there is no retinitis. Here, as 
elsewhere, the iiiftamniation in the retina would appear to be due to 
an altered condition of the blood which produced a disease of the 
walls of the vessels. Its true nature, however, is not yet determined. 

As a complication of the retinitis we sometimes have an implica- 
tion of the choroid, which shows itself by the changes atwve alluded 
to, of diffuse chorio-retiuitis ; also, though more rarely, by those of 
choroiditis disseminata, and more rarely still of choroidal htemor- 
rhage, Hsemorrhage into the vitrens, it is true, is not so very rare, 
but when it occurs it is usually, contrary to the general opinion, from 
the retina and not from the choroid. There may be, too, embolism 
or thrombosis of the vessels—also separation of the retina. 

In retinitis albuminurica, the vision may Ite more or less affected, 
ranging from hardly a perceptible deterioration to complete bUndness, 
especially when combined with unemic poisoning. There is usually 
a defect iu the Held, though sometimes central vision is defective from 
changes or hiemorrhage at the macula. 

Urceinic Amaurosis. — Unemic blindness is not infrequent in the 
nephritis which accompanies or follows scarlet fever, or serious cases 
of otlier exanthemata, and in pregnancy. The bhwdness is usually 
temporary, and not accompanied with opthtliahnoscopic signs, as the 
trouble is either of too transient a nature or the patient Bnccumi>s 
before retinal changes have had time to occur. In pregnancy, how- 
ever, it Bometinies happens that repeated attacks of urtemic blind- 
ness occur, and that they take place with some women in successive 
pregnancies. In these cases, after a lapse of a longer or sliorter 
time, there are often unmistakable signs of white atrophy of the 
optic nerve, with limitation of the field of vision. Cases have Iteen 
reported where the women have liecome totally blind through these 
attacks in sncoesHive pregnancies ; and the writer has rejiortwi a case 
where the patient was saved from the loss of her remaining eye by 
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the prodnction of premature delivery. The other eye had beeoiiie 
totally Llind in former pregnancies,* 

Diabetic Retinitis. ^WetimA affections are comparatively rare in 
diabetes, and belong, as a rule, to the graver forms of the disease. 
They occur far less frequently than tronbles in the lens, and usually 
do not make their appearance until tlie disease lias lasted a long 
time. The dialietic form of retinitis offers but little which is dis- 
tinctive of presence of sugar in the urine. As a rule, however, 
there is more hteniorrhage and lees exudation or white plaques than 
in retinitis albuininurica, and the spots are smaller, and not so apt to 
be situated at the macula, or grouped in a zonular manner rouud the 
papilla. Dr. Noyes,t however, many years ago reported a case, as 
others liave since, in which the appearances were absolutely identical 
with those seen in chronic renal disease. la tliis case of Dr. Noyes's, 
repeated examinations of the urine, extending over considerable time, 
and made by different observers, failed to discover any albumen in 
the water. Dr. Culburtsou published a case in wliicfi tliere were 
marked symptoms of choked disk, wbicli may, in very rare cases, 
happen here as with retinitis albuminurica. Jaeger gives a drawing 
in his Atlas {Fig. 6-1, Tab. XIII), which represents a case of retinitis 
in a diabetic patient, and wliich, although it lacks some of wliat are 
considered the most characteristic marks of retinitis albuminurica, in 
the absence of the changes round the macula, and the zonular exuda- 
tion roimd the nerve, yet wliich, nevertheless, are so characteristic of 
renal retinitis as to call the attention at once to the necessity of an 
examination either for albumen or sugar. 

Ilere, too, as witli Bright's retinitis, hiemorrhagic glaucoma may 
occur. Occasionally it ha* happened also that diabetes has been asso- 
ciated with tumor of the brain, and the optic neuritis has been attrib- 
uted to the diabetes, until the autopsy revealed the true origin of tlie 
eye symptoms. This might well happen also in those case* of retini- 
tis albuminurica in which the ophthalmoscopic appearances resemble 
choked disk so closely, and where no autopsy was made as to the con- 
dition of the cranium. Diabetic retinitis, like that of Bright's disease 
and kindred affections, usually occurs in botJi eyes, I have, however, 
seen a case where it existed in one eye only for nearly a year without 
the other being affected at all, as long as tlie patient was under oljser- 
vation. 

There is a form of amblyopia that occurs in diabetes in which 

*" Prematura Delivery for the Prevention ot Blindness," Trans. Amer. Ophth. 
Soc, 1883, p. 423, 

t '■ Trans. Amer, Ojihth. Soe.." 1888. p. 71. 
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there is a central scotoma. Here the visual symptoiiiH bear a etrong 
resemblance to that fonii of nerve-disease whicli ha» been classed as 
a [MistK)c»lar neuritis, while the ophthalmoscopic appearances have a 
I great similarity to those seen in amblyopia potatorum and tobacco 
aiiroeig, both of which, though classed as a disease of the nerve, 
nevertheless show some delicate changes in the retina itself. These 
changes consist in this form of amblyopia from diabetes, of a delicate, 
hazy appearance of the whole fundus which at times is very striking. 
In the early stages of the disease the nerve has a delicate but per- 
ceptibly increased vascularity which expresses itself in a mild form 
of hypertemia which later on disappears and gives place to the signs 
of beginning atrophy. The light^streak becomes diminished, or is 
entirely wanting upon the larger vessels, and later there are the 
signs of a mild form of perivasculitis. I am of the opinion, there- 
fore, tliat many of the cases wliich have \teen classed as primary 
atrophy in diabetes are really the secondary results of a low form of 
neuro-retinitis, and tliat the vessels of the retina are affected as well 
1 tile tissue of tlie nerve. In these cases, as with all nerve disease, 
the color-sense is affected, which is not the case in the simple forms 
of retinitis. 

Retinitis of a htemorrhagic type, like that of Bright^ disease, 
I may oecnr in diabetes insipidus. 

Oxaluria. — This condition is sometimes accompanied by changes 
in the retina and vitreous which would point to alterations in the 
blood-vessels and subsequent hfemorrhages, which are sometimes so 
numerous and extensive as to suggest retinitis lia;morrhagiea with 
small spots of fatty degeneration. There is also, at times, a hyper- 
plasia of connective tissue which is probably due to multiple htemor- 
rhages with a constant tendency to relapse, and which so often pro- 
duces such hyperplasia in other forms of retinitis. Jaeger reports 
cases where, after the clearing up of the vitreons there was diffuse 
retinitis, with tlie development of flne vascular loops in the vitreous. 

Retinitis may also be excited by exposure to the fumes of osmic 
acid. 

Spfenio Retinitis. — Leukseniic retinitis may resemble the ordinary 
fonns of retinitis of the diffuse type, but when developed it presents 
a very characteristic picture, the principal features of which are the 
peculiar color of the background of the eye and that of tlie bloitd in 
the retinal vessels. The color of the fundus is of a decided though 
usually ]mle orange tinge. Tliis shows that the blood in the chomidal 
vessels varies from its normal tint, and points to the. conclusion that 
it must vary also in all the other vessels of the body, altliongh often- 
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times the complexion of the iiuie due% iiot eliow it. This orange tint 
not only reinaioB luider an examination by daylight, but, according to 
Becker, is more cunepiciious with it tlian with lamp-light. Uebroich, 
wiio first discovered the disease, gives a striking representation of this 
peculiar orange shade.* 

This orange tinge is, however, by no means constant, and did not 
exist at all in tlie majority of cases seen by tlie »Tit«r. On the con- 
trary, the color most frequently observed was a jiale gi-ayisli-piidj, and 
in some cases no deviation from the normal fundos iu regard to color 
or shade was noticed. 

The color in the retinal veins is usually of a bluish-pink, while 
that in the arteries is of the same orange color noticed iu the fundus, 
although lighter in shade. 

A marked peculiarity is the predominating tortuosity of tlie ves- 
sels and the increase of their diameter. The veins are sonictimeH 
enormously distended, and double and return u])on themselves to a 
degree whieli I have never seen in any other eye disease, resembling at 
times some of those rare and exaggerated forms of dilatation and tor- 
tuosity met with in cyanosis bulbi. A curious fact in connection with 
these dilated vessels is tlie absence of swelling of the tissue, as is shown 
from the want of protrusion and from the fact tliat tlie general cur- 
vature of the vessel remains iu the plane of the retina, though, of 
course, in some cases, a» with all retinitis, there is some antero-pos- 
terior t>eiiding of the vessel ; but it is very httle in comi>ariBOii with 
the marked lateral and serpentine deviations. 

In this as in other forms of retinitis the arteries are not nearly bo 
much increased in diameter, and they may l>e even narrower than 
nonnal. 

There is usually but little or no swelling of the disk, though in 
very rare and very marked cases tliere may be considerable protrusion 
of the head of the nerve. In a case descrii>ed by Oeller this was due 
to oedema and a large collection of leucocj-tes in the papilla anterior 
to the lamina cribrosa.f 

There is, moreover, little or no injection of the disk. On the con- 
trary, sometimes the jmpilla seems paler than usual, as it often does 
in mild forms of retinitis of any description, probably because the 
capillaries are concealed Ijy the redema. The edges of the nerve are 
sometimes obscured, but the opacity is usually of a small amount. 
When present it ia radiating in form and extends along tlie Iai^:er 
vessels, which at times are concealed by it. Often when there is no 
• ■■ Atlfts <rOphthftlmo9copie." Tuli. X.. Pig. 8. 
t " Archiv fnr Ophth.," XXIV., Band 111., p. 215. 
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il opacity a lighter aiid band-like portion of the retina eeeme to nui 
fiQong the vessels, wliich is especially apt to come out nnder rotations 
of the mirror. This gives the impression that it wa« due to tlie pres- 
ence of lymph-corpuscles, which the microscope shows are often cit]- 
lected in the lymph spaces and adventitia surrounding the vessels. 
Tntlecd, the whole fundus gives the idea of a sort of infiltration due to 
ftie acciiinulation of white corpuscles either in the vessels or tissue ; 
Bid in fact in the case described by Becker the blood of the patient 
speared when esamine<l of a pale red color, and resembled bloody 
latter rather tlian human blood.* 
Another pecuharity of splenic retinitis is the tendency to hiemor- 
tf sod the shape and position of the extravasations. According 
|.-€t9W6ra, the tendency toward bleeding is greater in lencocytli8&- 
i than in anseniia, for it occurs in tlie former where the pereent- 
! of red corpuscles is greater than in anaimia, and in two cases 
J had met with retinal extravasations wliere the blood contained 
Ifty per cent of red globules.f These hfemorrhages are usually of a 
-cular form, and are situated either near the equator, or anterior to it ; 
lometimea, however, near tlie macula, and between it and tlie nerve, 
liey may be large or small, and, if of any considerable size, they often 
lavea white Centre surrounded by a ring of liseinorrhage or fine eccliy- 
Doses. The microscope shows that these spots are elevated above the 
irface of the retina, and consist in part of varicose hypertrophy of 
3 nerve-fibres and of fatty degeneration, and in part of a collection 
: lymph-corpuscles. These hiemorrhages may disappear rapidly, or 
B supplemented by others in different parts of the fundus. 

imes splenic retinitis has many if not most of the charac- 
listica of simple retinitis hemorrhagica. Hemorrhage may also oc- 
*Ctir into the vitreous. 

Changes in the choroid may occur, and its tissue be found infil- 
trated with leucocytes, by which the tissue may be considerably 
Bwollcn. This would, when it took place, account for the peculiar 
color of the background of the eye, and its absence in otlier cases 
where this infiltration had not taken place. 

Exophthalmos has been observed as a rare incident, and due, it is 
eoppoaed, to lymphoid growths in the orbit. It would seem more 
probable, in view of the tendency to hEemorrhage, that it might be 
e to a somewhat profuse bleeding. 

Sclerosis of the Retina (Piffinenfetf an^ Nan -pigmented Retinitis). 
^Betinitis pigmentosa is a curious affection which attacks the retina, 




• - Archives ot Ophth.." vol. i.. No. 1, p. 347. 

t " Medical Ophthalmoscopy," second edition, p. 214. 
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uiifl wliii^li 18 one of tlte most interesting of tiye discatieB, pathologically 
as well as opIitlialiiioBcujiically. It is cliantcterized by tlit> hypertro- 
phy of the interstitial coiinective tiaene of all the kyers of the retina, 
with atrophy of the uervone eltsiiieiitfl and the migration of pigment, 
caused by a hypertrophy of the coloring matter of the epithelial layer, 
and wliieh is collected principally along the retinal vessels. These 
changes in the coloring matter consist partly in a new formation of 
pignientrtells, which are very rich in pigment, and partly in the 
atrophy of the pigment, so that the coloring matter is very much 
reduced in quantity and shade, or may be even entirely wanting. 

The changes which mark the disease usually begin in the outer 
layers of the retina, the nervous elements of which are crowded out 
by the increase in the cormective tissue of the staging work until 
they finally disappear. Later the inter-g;ranular layer also vanishes, 
aud the outer coalesces with the inner granular layer. The rods and 
cones are destroyed, and at last the entire retina is changed into a 
nearly homogene«nis network, in which the division into layers is 
almost wholly lost. At times the retina becomes adherent to tlie 
ehtiroid in spots. 

The changes in the pigment are also very striking. At the places 
where the choroid and retina have grown together there is a rich 
hypertrophy of pigment. The cells are here of a brownish-black 
color, and are thickly tilled with large pigment gratmles, wlUch are 
very irregular in shape and which lie in several Huper-inii>08ed layers. 
Strings of this pigment stretch themselves into and through the vari- 
ous layers of the retina, which can be traced up to the nerve-flbre 
layer. These run at first perpendicular to the plane of the pigment 
layer, but finally take a parallel course along the larger retinal ves- 
sels. 

The vessels show a remarkable thickening of their walls and a 
corresponding decrease in their lumen, by which, under the micro- 
scope tliey acquire a rather homogeneous and glittering yellow ap- 
pearance in which tlie structural elements are not clearly detined. 

Colloid thickenings take place ordinarily on the vitreous mem- 
brane of the choroid. These may extend far into the retina, even 
up to the fibre layer, and then their tips are covered over with pig- 
ment. The changes in the choroid are slight, though a certain 
degree of sclerosis of the vessels is not uncommon. This gives a 
yellowish tinge to the blood-colnmn, probably from a tliickening and 
alteration of the wall. Sometimes, too, the pigment is increased in 
the intervascular spaces. When this takes place there is a certain 
amount of irregularity in its disposition, which means that it is not 
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dae to a pliyaiological armugc'^ient ettch as m kno^vn as tLe " choroid 
tjgr^." That portion of tlie vitreous which lies immediately next to 
tlie retina is often adherent to it, and contains a numher of cell 
elements. The stem of the nerve is often atropine ap to and beyond 
tlie ehiaiuna (I>?l>er). 

Siifh marked anatomical changes as tliese are necessarily accom- 
panied by a striking ophthalmoscopic picture when the disease is 
Been at its height. At the begiimiug, however, the visible clianges 
may be of a very moderate character. The first cliange noticed by an 
attentive observer consists in tlie narrowing of the vessels, or ratlier 
blood -colunm, which is then smaller in proportion nearer the nerve 
than toward the periphery, so that the vessels seem to carry a uni- 
form diameter fartlier toward the periphery than in the normal 
eye. and look ratlier like small cylindric tubes than tapering vessels. 
As the disease progresses, tlie decrease in diameter becomes very 
marked until the vessels are reduced to thread-hke dimeniyons. The 
transparency of the wall, though not much affected, must, however, 
Buffer to a degree by tint inerease in tliickiiess, as the light-streak is 
either much reduced in brilliancy, or even entirely wanting in ves- 
sels of a calibre where in the normal state it is perfectly visible. It 
"b well to remind the reader here that the reduction in the size of the 

I vessel, as seen by the mirror, is not due, at least in the tirst stages, to 
any decrease in the outside diameter of the vessel, but to a reduction 
in ltd lumen by tlie intiltration of a )>eculiar tissue which lines the 
inside of the vessel, and whicli gradually reduces tlie apparent di- 
ameter of the blood-colnmn (see Vol, II, p. 25), 

Sometimes, too, the wall of the vessel itself Ijecomes more appar- 
ent, or it is lined by a line white streak, such as is sometimes seen in 
moderate forms of perivasculitis, which shows tliat there is a low 
Bta^ of vasculitis accompanj-ing the sclerosis, although there is sel- 
dom or never any increased hyperemia in the purer varieties. Not 
infrequently, however, when the retinitis pigmentosa is secondary to 
Bome other retinal or choroidal inflammation, there is a preceding 
hyperemia, and sometimes an increased injection of the nerve, but 
this must be looked upon as an associated trouble, and not necessarily 
A part of the disease. 

During the stage in which the larger vessels are becoming nar- 
rower the capillary vascularity of the disk liegins to fade also, and the 
nerve assumes a whiter hue ; not, however, the dead white of atrophy, 
but rather a creamy white ; and, moreover, there is not tlie clean-cut 
tendinous aspect which characterizes simple atrophy, but rather an 

I appearance of a waxy and uutransparent substance which conceals the 
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lamina cribrosa from view, Tlie edgies of the nerve are only moder- 
ately defined, and they are foraetimes bordered by masses of pigment, 
eitlier arranged in fleelts or in a more or less well-formed ring round 
it. It is very rare, however, that any pigment is fonnd npon the sur- 
face of the papilla. 

The most eonapicnons ophthalmoscopic change, and one from 
which t]ie name of retinitis pigmentosa is derived, is the coUeetion of 
pigment in small masses in certain parte of the fundus. These aggre- 
gations UBually begin in the anterior part of the field near the e<juator, 
and form a zone round this portion of the field, leaving a free space 
both toward the ora serrata and toward the macula lutea and disk. 
This even and zonular form of tlie pigmented region usually advances 
toward the posterior pole of the eye, as the disease progresses, with a 
uniforni circnmferenee, with few or no irregularities or defects in it. 
Tills method of progress is very characteristic of the disease. When, 
therefore, the observer finds that there are irregular defects in the 
field of vision, aud especially if they assume a sector-like sliape, he 
can be pretty sure that the trouble is not pare retinitis pigmentosa, 
but has either been preceded or aecomjanied by some choro.idal or 
retino-choroidal affection. This is important in the way of diagnosis, 
for the more the trouble inclines toward a choroiditis the better is the 
prognosis. 

It is only very rarely that pigment to any considerable amount is 
found directly in the macula lutea near the fovea, unless, indeed, the 
disease is associated with or the result of a specific retinitis or chorio- 
retinitis. 

The form that tlie small collections of pigment take is very pecul- 
iar and very characteristic. It is always in comparatively small masses 
of a spindle- or star-shaped form, which show but little tendency to 
coalesce into larger ones, but which give the idea as if the stellate 
masses had just come together by their points, so as to form a delicate 
mesh-work. 

These masses of pigment are sometimes so fine as to give the effect 
of a stippled surface, or a pepper-and-salt appearance. In the more 
fully developed cases the pigment assumes the well-known " bone-cor- 
puscle " sliape, which is almost pathognomonic of the trouble, and is 
never met with, so far as I know, to any degree in any other form of 
retinitis, altlioiigli we do see occasionally in these an isolated con- 
figuration which resembles it pretty closely. The accumulation uau- 
ally begins in tlie outer layers, which can be determined by the mirror 
iw well as by the microscope. Later on it permeates all the layers 
and follows aUmg the course of the vessels, and often lies in smaller 
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larger massoe on top of tlieee. I liave gecn the wall completely 
Burroimded by a delicate black open lace-work, wliich would eome- 
timea extend for quite a distance. Tlie pigment to fomi tliis waa 
probably carried along tlie perivascular lymph spaces. 

The pigment may even penetrate into the vitreoua, and in the 
more marked cases there is often a email mass situated just liehind 
the posterior pole of the lens, which careful examination shows is not 
really in the lena but posterior to it, and in the very spot which marks 
"the centre of motion of the eye. (See Vol. I. p. IS".) 

The pigment epithelial layer in the neigliborhood of the diseased 
region of the retina, or even beyond it, ia always affected ; the bor- 
ders of this part show a diminisliing change until a normal-looking 
fundus is reached. At these places tlie epitliehal layer Las a macer- 
ated look, with specks of pigment strewed over the surface, while the 
intervascnlar spaces, from tlie lack of pigment in the epithelial layer, 
are somewhat more clearly marked. Wlien tlie de-coloration is of 
considerable degree, there appears to I)e an alternating shade of yellow 
or yellowish-brown witli tlie darker portion of the pigment, and oc- 
casionally small, ronnd, and brilliant bodies are seen, which look like 
colloid formations, ui>on the vitreous membrane of the choroid. 
These spots do not. of course, correspond always with the pigmented 
portions of tlie retina, although they occasionally do, and when they 
are numerous and of a circular shape they bear a striking resem- 
blance to chorio-retinitis or choroiditis areolaris. 

In tbo purer forms of retinitis pigmentosa there is invariably a 
remarkable concentric narrowing of the field of vision, which pro- 
gresses as the disease advances, until a minimum field is reache<l, 
which may not amount to more than a few degrees. This contrac- 
tion of the field is almost invariably greater than what corresponds to 
the extent of the pigmented portion, showing that the percipient ele- 
ments of the retina are afEected before the infiltration of pigment 
takes place— indeed, in some cases the narrowing of the field occurs 
where there is no accumidation of pigment to lie seen with the oph- 
thalmoscope. On the other hand, there are still rarer cases where 
the mirror shows marked changes in the pigment layer and M'liere 
the concentric narrowing of the field is wanting, or, still rarer even 
than tlieae, there are cases where the central vision may be much 
affected without any concentric narrowing of the field. 

There is almost always a great amount of torpor of tlie retina, 
which usually extends over the eutire field, so tliat, in addition to the 
concentric limitation by daylight, there is usually night-blindness for 
the entire retina. 
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Tiiis pigment degeneration, which expresfies itself as retinitis piff-1 
mentosa, may be eitlier congenita] or at-quireii. It is prolably mach 1 
oftener congenital tlian is supposed, but only shows itself later in life j 
under some fortuitous circii instance, which lights up a progressivi 
disease. When congenital it is well to renieiril>er tliat the pigment 
changes do not show themselves usually until tlie eighth or tenth year, 
and even later. In examining very yuung children I have often beea I 
struck witli a condition of the fundus which, I imagine, is often tlie ] 
precursor of true retinitis pigmentosa, which may develop itself later 
in life. In these cases vision is usually defective, varying from about 
I to i of the normal amount. There is in these cases a suspicious air 
to the nerve, which looks opa(|ue and untransparent beyond the years 
of the patient. The vessels are small, esjiecially the arteries, in which 
the walls are sometimes more visible than should be the case at this 
time of life ; or tliere may be just at the nerve fine white lines along 
the vessels. The most important changes even in tliese doubtful and 
incipient cases are those of the pigment, together with the general look 
of the fundus. This has a faded asjMict, with a peculiar shagreen or 
pepper-and-salt appearance, due to a multitude of very fine pigment 
points scattered all over it. This sort of fundus is usually foimd in 
children who have all the evidences of congenital mal-nutrition, or 
who look like the prey to some hereditary taint. Great care should 
be taken that such eyes are not subjected to overstraiidng, particularly 
during early life ; especially, too, as congenital pigment degeneration 
is not always progressive — not nearly so much so as the acquired. 

Retinitis pigmentosa is almost always double-sided except when 
due to syphilis, which it is important to notice in a diagnostic point 
of view, as in the latter case the prognosis is more favorable. 

Differpniiai fh'affnosis.—Tlie only diseases with which retintda 
pigmentosa would be at all likely to be confounded are those due to 
choroidal and chorio-rednal troubles where there are marked pigment 
changes. The differences are, however, pretty well marked. In 
chorio-retinal disease the pigment clianges are represented by eiroum- 
scribed plaques, which in addition to tlie black flecks show a discolor- 
ation of the entire surface. The shape of these spots is roimdish, or, 
when they coalesce, of an irregular shape or ring-formed. Moreover, 
they lie behind the retinal vessels, and nearer or in the plane of the 
choroid, and the pigment does not follow the course of the vessels. 

In retinitis pigmentosa, on the contrary, there is no real choroidal 
oliange, and even tiie pigment layer offers no conspicuous changes in 
itself. The configuration of the migrated pigment is stellate and not 
round, and tlie coloring matter lies along the vessels and oftentimen 



NON-PIGMENTED SCLEWISla. 



101 



on top of them. Even if in some cEBes thie takes place in apparent 
choroidal disease, and retinitis pigmentosa is thus added to it, it is 
Qsually not difficult, ahhough it may be so at times, to determine tliat 
the latter is a form of secondary degeneration of pigment, depending 
npon a pre-existing choroiditis or chorio-retinitis. When tliese are 
due to syphilis tlie commencement and course of tlie disease are nsu- 
allj different from that of the typical retinitis pigmentosa, for in tlie 
Bpecifie troubles the central vision is rednced and tlie peripheric limi- 
tations of the field trivial and not of a coueentric form. The loss of 
vision, too, is much more rapidly progressive or one eye is much 
more, or exclusively affected. Here, too, as with other forms of 
syphilitic choroiditis and retinitis the iris is apt to be involved, and 
there are complications, such as paresis and paralysis of the external 
muscles and the accommodation. 

Hon-pigmented Sdei-mis. — This fonn is a counterpart of tlie pig- 
mented variety, with tlie remarkable exception that the clianges in 
the pigment are, in general terms, wanting. It la not, however, 
meant by this that tliere are no traces of pigment degeneration, but 
that they are so trifling as to fonn no distinctive characteristic of the 
disease. It would seem as if, in the pigmented variety of sclerosis, that, 
tliere was a true hypertrophy of tlie pigment in which more pigment 
was generated than was al)sorbed, while in the non-pigmented kind 
there was a certain fonn of degeneration of the pigment and pigment- 
cell, in which the absorption was faster than the production. This 
gives to the fundus a washed-out, macerated appearance, which is very 
pecidiar and wliich resembles a low stage of diffuse retino-choroiditis 
with minute dots of pigment here and there, with isolated and faded 
patches which may be of considerable size. 

In certain cases the changes visible to the mirror are very slight, 
and cases have l»een reported with concentric limitation of tlie field 
of vision and night-blindness in which there were no ophthahnoscopic 
changes at all, I should be inclined, however, not to look upon these 
as true cases of sclerosis of the retina, for, if all other changes were 
wanting, the disease ought to manifest itself by a reduction in tlic 
diameter of the vessels. Moreover, it must be borne in mind that 
sclerosis of tlie retina may be the result of a variety of diseases, such 
RS exndative choroiditis, chronic irido-choroiditis, and secondary glau- 
coma, and also that it may follow injuries to the cornea and sclera 
and other forms of infiammation. 

Fine Strings in Ike. Retlva. — There is a peculiar kind of retinitis 
which is accompanied by the formation of fine white lines in the 
outer layers of the retina ; and that these really lie in tlio outermost 
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latere ia evident frum tlie fact that not only do tJie larger vessel* 
pass over tlieni iminipeded in their course, but are clearly in a plane 
considerably anterior to theni. Moreover, there are, at times, evi- 
dences of disturljanc^s in the epithelial layer, or. at least, collectioDS 
of pigment into greater or lesser inassee in and around tlie starting or 
ending points uf these formations. Jaeger gives two cbromo-litho- 
grapbic drawings of tliese "retinal strings," iu one of which (Fig. 73) 
it; an accompanying diffuse retinitis or, rather, neuro-retinitis of tlie 
inner as well as of the outer layers (•' Hand Atlas," Taf. xvi., Figa. 
73, T-t). 

It looks, at first sight, as if tliese bands must have some connec- 
tion with the vessels, as they have often a branching and twig-like 
conformation ; but a closer examination sliows this to be erroneous, 
and tliat tliey are simply filamentous whit« or yellowish-white bands 
which, from their ajipearanee, are strongly suggeetive of hypertro- 
phied connective-tissue elements, and that such is sometimes tlie case 
can not be doobted. Still, the fact that in one of the cases reported 
by Jaeger (Fig, 73) these strings entirely disappeared after a few 
weeks' duration would militate against sneh a view, and would be iu 
favor of tlie presence of a less lasting product, and points to some 
temporary change in the tissue, which was capable of a complete ab- 
sorption, I have seen several of these cases. One occurred in a 
young man who had a mild form of diffuse retinitis in both eyes, 
with tlie above-described appearances in the left eye. Unfortunately, 
the patient disappeared from observation after a few weeks, and tlie 
future progress of t)ie disease could not be followed. 

Septic RetinitU {Embolic Pajwphtfudmitis). — It has lieen known 
for many years that in pyffimic conditions, tlie eye participated in the 
general disturbance, and that this was shown by a sudden and con- 
siderable swelling of tlie conjunctiva, pain in the bulb, and rapid loss 
of sight. These symptoms were accompanied by a disturbed condi- 
tion of the media, with a yellow reflex from the fundus, followed by 
a bombe appearance of the iris with narrowing of the anterior cham- 
ber, which was often the seat of purulent collections — in fact, with 
all the evidences of a deep-seated and purulent choroiditis, iritis, and 
retinitis, which was followed iu a shorter or longer time by phthisis 
biilbi, either with or without perforation of the globe. 

This panophthalmitis was first observed by some of the oldest writ- 
ers, in puerperal conditions, but was subsequently noticed as an accom- 
imniment of or as a sequel to otlier disorders of a pyogenic character. 
The starting-point of the disease, so far as the eye was concerned, 
was at that time believed t« be iu the choroid, which was at first infil- 
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trated with pus, and from which tlie difiease paeacd rapidly t-o the 
vitreone, retina, choroid, and otlier parts of the eye, leading to com- 
plete debtnietion of the organ. 

Later it was shown by Bowman and otiiere that there were cases 
of rheumatic origin in wliieh there were no signs of pyiemia, or any 
purulent e^llectioii in any of the other parts of the liody, but where, 
however, the autopsy showed signs of inflammation, irith perforation 
'of the aortic valves, together with the signs of fresh ulcerating 
aortic and mitral endocarditis, and purulent meningitisj witliout any 
essential change in the lungs or abdominal organs. 

The true explanation of the nature of the disease was first shown 
by Virchow, in bis discovery of capillary embolism, produwd by 
]iarticlee of the inflamed and necrosed valves of the heart. Virchow 
showed tliat ^ese pai-ticles after entering the blood were carried to 
the smaller vessels and capillaries of the body where they produced 
inflammations, and that not only in rheumatism but also in puerperal 
conditions tiiis was brought about by ulcerating endocarditis. 

It was further shown that for the eye, these eajtillary embolisms 
could occur in different membranes and in diflferent jwrts of the 
same membrane, and that sometimes the choroidal aud sometimeti the 
retinal vessels, or both, could be affected at the same moment. The 
consecutive inflammation was consequently not always a choroiditis, 
but might be primarily a retinitis. It always, however, progressed 
very rapidly, and ended in panophthalmitis. 

Tlie embolic plugs in these cases consist of finely divided, granu- 
lar or homogeneous masses, which often fill np completely great 
regions of capillaries, and agree in their constitution with the de- 
posits upon the endocardium. 

It was finally shown that purulent ophthalmitis could occur where 
there was no disease of the valves. This fact led Roth to observe, 
in an admirable paper, that all the cases of panophthalmitis could not 
be referred to capillary embolisms derived from the heart.* More 
lately still the belief has gained ground that these cases are as a rule 
due to the existence of micrococcal plugs, as masses of micrococci 
liave been discovered by several observers in the vessels of the eye. 

The affection usually occurs in a single eye, though occasionally 
both eyes are the seat of tJie trouble. In tliis category must Ire 
placed the metastatic choroiditis or ophthalmitis, which accompanies 
or follows an attack of cerebro-spinal meningitis. 

In these eases the disease is manifested by a conspicuous yellow 
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reflex, wliioli usually occupies the entire pupil, and which becomes 
very lirilliant under movenients of the eye. When tliis exudation 
hcs iu tlie anterior parte of the eye and close to the lens, it is \»st 
seen with ohliqiie illumination, as t!ie anterior chainluT is usually 
almost obliterated, the iris being homlji forward and tlie pupil 
somewhat obliterated and changed bi shape. The surface of the 
exudation then appears to follow the curves of the lens and to !« 
concave from before backward, and the niass as a whole lias a soft, 
pultaceoits look. The proper vessek of tlie retina are not visible, as 
they are entirely concealeil by the exudation, but blurred red bands 
can Bonietimes ])e detected beneath the surface, while more rarely 
still actual vessels can be observed, which from tlieir course and 
api>eKrance seem to be vessels of new formation. 

Under these conditions the mass has a very strong resemblance to 
a gliomafous growth and may lie — as indeed has often l>een the case, 
in the hands of the unwary^taken for one. The chief diagnostic 
marks here, however, are the jieculiar apjiearances of the anterior 
chamber, tlie bmnhe iris, and irregular shape of the pupil, wluch at 
times is almost quadrate. 

Sometimes, though very rarely, in these cases of purulent oph- 
thalmitis, the exudation is so tliinly spread out over the surface of 
the retina that it can be seen, at least in its very earliest stages with 
the mirror better than in any other way. The exudation then has the 
ap[)earance of a yellowish surface, which extends round the anterior 
parts of the field in a zonular form, and which comes into view in the 
extreme anterior parts of the eye. 

Purulent infiltration into tlie vitreous gives at times a somewliat 
similar picture ; but here, as a rule, no reflex whatever is obtained 
with the mirror, the pupil presenting a uniform blackness. 

It may seem a little curious to the reader tliat I should be led into 
even tliis short discussion of a trouble which frem its very nature 
seldom sliows itself to the ophthalmoscope. The reason of this, how- 
ever, is simply because in the graver forms the explosion of the dis- 
ease is so sudden and s^^i violent, that attention is first called to the eye 
when the media are so untransparent that an ophthalmoscopic exami- 
nation is no longer possible. There can l>e no question, however, but 
tliat the disease nmst have a period of development, in the early 
stages of which signs would be manifest to the ophthalmoeco|>e ; a 
tliie must l>e particularly tnie in the case of puerperal women. All 
tills is another reason why tlie ophtlialnio scope sliould be used ii 
routine manner in every case of pregnancy, both lieforo and after i 
confinement. To the question of what use would it be, where little | 
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or untiling can be done witli oiir present knowledge to arrest the di^ 
ease, I would say that the lirst step in gaining a knowledge of a dis- 
ease, and the remedies to prevent it, is a knowledge of its presence, 
and the conditions under whicli it occurs. It might even hap]>en, if 
the mirror was used haliitually hy general physicians a& a means of 
diagnosis, that an ulcerative endocarditis of a mild form might be 
detected long before it was susjiected by an exploration of tlie chest. 

Besides tlio more severe forms, just alluded to, Roth, Litten, and 
otliers have described some milder forms of tlie same affection in tlie 
fundus of the eye, as the results of a pytemic condition, of whicli 
those of tlie retina appear of great interest. An ophthalmoscopic 
examioatinn of such forms, tlien, shows that small wliite dots occur 
in the region of the yellow spot, which are usually situated on both 
sides of the fovea. To these are added spots of ecchymosis, wliieh, 
according to Virchow, are the constant accompaniment of stoppage 
in the retinal vessels. These ecelij-motie spots consist of a collection 
of red blood-corpuscles, while the white flecks are composed of groups 
of tliickened nerve-fibres eonneotave-tissue cells, partly in a condition 
of fatty degeneration, and fatty degenerated capillaries, such as are 
Been in Bright's disease and otlier similar troubles. There is also at 
times a diffuse cloudiness of the retina. 

Tliia form of retinitis, which may be called retinitis septica. is dis- 
tingoished from tlie more violent fonns (embolic panophthalmitis) by 
I>eing as much more frequent in occurrence, as it is milder in form. 
It is also characterized by tlie fact tliat the spots or masses in the 
retina are very small, circumscribed, and of a benign nature, with 
little or no tendency toward diffusion into tlie neighboring tissue or 
amalgamation with each other. Tlie choroid is seldom implicated 
through hyperEPinia, or by disturbance of the epithelial layer. The 
vitreous also shows but seldom any participation in the disease, eitlier 
by an increase of its cells or other disturbances, though these may 
occnr at times. Tliis favorable course of the disease is due to the 
fact tliat this form of retinitis does not dejiend upon an embolic pro- 
cess, as in none of tlie cases which have been examined were there 
any stoppages of the retinal vessels found. The capillaries in the 
white flecks are either normal or sliow simple fatty degeneration, but 
contain no alinoniml contents. Tlie valves of the heart are also free 
from deposits (Roth, loc. eit.^ p. 475), Kaliler, however, found micro- 
coccal plugs. According to Leber, l^niiph-corpuscles tie along the 
course of the vessels, sliowing tliat the process begins with them. 
According to Utteii, biemorrhages are the most coimnon and signiti- 
(•ant symptom, at least in the more pronounced and purulent forms. 
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In tlie milder fonna they also frequently occur, but to a Icab degree. 
They usually lie in close proximity to the vessels, especially near tJie 
veins — a«, indeed, is cutnuioidy the caee with all hitiiiorrbages. One 
' great feature is the fact tiiat theae liEemorrliagee begin to grow paler 
at tliB (feiitrea, under absorption, and not at the borders of the clot ; 
and this sometimes begins to take place almost immediately aft«r the 
extravasation has occurred. 

Septic retinitis has been met with in senile gangrene, in double 
epidydimitis, ndth metastatic f<k!i in the lungs and kidneys, in ulcer- 
ation of the limlw, in venous thrombosis after operation, and, in fact, 
it may occur in any condition <Ji a pyogenic nature. 

While tlie occurrence of hiemorrhage into the retina is not symp- 
tomatic of any disease, still, the fact of its existence and the pecnliar 
chaiTJCter which it is apt to assume in disordered states of the blood, 
and especially in pyajmie conditions, seem to p<jint out at times, or 
at least to emphasize, the diagnosis as between these and some non- 
malignant troubles, such as t^'phua fever, and other diseases of a defi- 
nite type. 

Metinitis Proliferana. — The connective tissue of tlie retina is 
subject to a proliferation which may show itself in different places 
either by slired-like or membranous formations. That these featliery 
and membranous products may extend into the substance of the retina 
is shown by the fact that they often pass under the larger vessels on 
their way to the outer layers of the retina as far even as the pig- 
mented epithelium. On the other hand, they often pass over the 
lai^er vessels toward and into the vitreous. This proliferating tissue 
may take its origin from the adventitia of either the larger or smaller 
vessels, from tlie radial flbres or from the limitans. The place of pre- 
dilection would, however, appear to be tlie adventitia of the larger 
vessels upon and around the disk which they sometimes partially or 
even totally cover up with a dense white membranous expansion, 
which then usually extends along the course of the lai-ger vessels for 
a considerable distance, as shown in the drawing (Fig. 42), which is 
from Leber.* 

Manz t gave to this formation of connective tissne, not unjuatly 
it would seem, the name of retinitis proliferaus, Leber, however, 
doubts Manz's explanation of the nature of these formations, and at- 
tributes them to repeated hajniorrhages, which little by little take on 
a kind of organization. That repeated ha-morrliages into the sub- 
stance of the retina or upon its surface do finally produce membra- 
• Groefe und Saomiseh, vol, v., p. 606l 
t "Arehi* Wr Ophth.," B. XSII., sb. iil., p. ESB. 
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nonB formatdons of a certain kind there is hut Uttle donbt in the mind 
of the writer, as he has seen such gradually formed under his own 
eye. These forinatiuus do not have tlie same look as tliose under dis- 




cussion, as they lack the laminated or 1 1 on ey -combed appearance of 
connective tissue, and possess instead a dull, yellowisli aspect which 
more closely resembles an exudation, but which is evidently not one. 
It also at times looks as if the retinal tiiwne itself had changed in the 
neighborhood of these repeated hiemorrhages, and I have known snch 
formations taken for superlicial separations of the retina itself. The 
chief differences here are, however, that the new formation has, as a 
rule, no vessels upon it, and that tlie field of vision, thougli dulled at 
this place, is not entirely lost. 

These membranes sometimes arise as the result of retinitis or neu- 

[ litis, or indeed from choked disk, or they may occur where there are 
few or no visible signs of inflainmatiun. Indeed. I liave seen cases 
where there was good reason to believe that the formation was either 
congenital or acquired in very early life. Thus, I have seen a case 

■ where the entire optic disk was concealed by a rather dense mem- 
braoe which extended for a considerable distance, after it had left tlie 
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jmpillii, along the veasele. At the porns opticus tlie veeeeU could just 
ItL- discerned llirougli the wtiitiah coverhig, whit-h produced in a strik- 
ing manner the effect of a rather violent form of neuro-retinitis. 
The trouhle was discovered merely by accident, ae no complaint was 
ever made as to any lack uf vision, wliich, indeed, ainounttxl to |. 
Curiously enough, in these cases the sight is, ae a rule, dispro- 
portionately good for the conspicuous ophthalmoscopic picture pre- 




Bented, Fig. 43 and Fig. 44 are from the article by Manz, and 
show very clearly the peculiar appearances tliat are characteristic 
of this disease. 

Sometimes these membranes have but very slight attachments to 
the retina, and then ap})ear rather as a disease of the vitreous, in 
which tliey seem to take their origin. Careful e.\aiiitnation will, 
however, often enable one to trace their attachments tip to the retina. 
They sometimes become vascularized, and then present a most lieau- 
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Ltiful appearance. They liave already been deiwriljeil in Vol. I., jiage 

Separatitm of the Retina. — The principal cause of separation of 
1 the retina is tlie collection of a serous tinid between it and the choroid, 
I from whatever reason it may have been produced. This Bul>-rtitinal 
I fluid iB usually clear and of a yellowisli color, althongh at times, wlien 
I there has been extravasation, of a reddish tinge, wliich is due to the 




prraence of h^matin from the susjiendcd blond-corpusclea. It is com- 
monly very rich in alhuineii and is easily coagulated. In Reparation 
of the vitreone the fluid which lies lietween it aud the retina is of the 
B nature. 

Separation of the retina usnallj shows itself to the mirror in a 
'ery palpable manner by the presence of a larger or smaller grayish 
mdulating ftild or protrusion wliich occupies different parte of the 
eld of the pupil under excursions of tlie observed eye. It is most 
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easily detected by simple observation with the mirror from a dis- 
tance, but closer inspectioii with the proper correcting glass usu- 
ally ehows the protruding surface more in detail. Tliis is then 
found to ooiifiist of grayish folds or furrows which run generally 
in an equatorial but sometinieB in a meridittnal direction. The«j 
folds are of a lighter color on the summits and of a deeper shade 
in the depressions than the reet of the surface, on account of the 
difference in reflectifiu both as to quantity and direction of the light, 
thus giving the apjiearance oftentimes of hght bands running over 
tlie surface of the elevated retina. The grayish color of the oeytA- 
rated portion is due in part to changes in tlie membrane itself, 
in iiart to the angle at wtiich the light is reflected, in part to tlie 
color of tlie fluid behind it, and, finally, in part to the height of the 
separation. 

Separations of tlie retina may be either partial or total, MTien 
total, they oflfer but little for inspection by the mirror, for then the 
retina is usually gathered into a funnel-like cord which completely 
blocks the pupil, and is better seen under oblique illumination tlian 
with the mirror. If partial, it may vary from very minute detach- 
ments of a millimetre or two in breadth, described by Knapp, to 
what includes the greater part of tlie retina. LeVjer mentions having 
seen with the microscope minute separations of the retina near the 
optic nerve, especially in neuro-retiidtis, and Gower gives the oph- 
thahnoscopic ap[iearances of a peculiar spot in the retina, which he 
thought must l>e due to one of these small separations, as one was 
brought to light upon section of the eye, I have myself been able to 
detect very small, almost filamentous detachments of the retina, bat 
have never seen those near tlie optic nerve, described as occnrring in 
neuritis at the autopsy. These are probably overlooked, because the 
tissue of the retina overlying them is too opaque to render them vis- 
ible with the mirror. We occasionally see a number of small separsr 
tions in the region of tlie macula, wliich are then arranged in narrow 
folds whicli sometimes assume the appearance of tlie furrows seen on 
a beach after a receding tide. 

The amount of motion which the separated portion of the retina 
undergoes under movements of the oljserved eye varies with the 
height of tlie separation, the character of the fluid beliind it, and 
especially the consistency of the vitreous in front of it. The more 
liquid tliis is, the greater and the quicker the movement,' and tlie 
more wave-hkc and tumultuous the motion. 

When the detachment is of long standing, and there have beea 
clianges either inflammatory or retrogressive going on for some tiino. 
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tlie retina has a deep gray tinge, which is no doubt much increased 
when the fluid behind it ctrntaiiu, as it not infreqneiitly does, diffuse 
r concrete opacities wliich naturally reduce its transjiareney. There 
are at tiniee peculiar l>ande of a vellowieh color whicli run across 
the separated portion of tlie retina, but which are evidently lielow 
the plain of tlie larger vessels and in the outer layers of tlie retina, 
tlie precise scat of wliich it is difBeult, however, to detennine, as well 
as their nature, tliey being considered as due by some to coagulated 
albumen on the surface of the fluid behind the membrane. At times 
they bear a resemblance to tlie so-called *' retinal strings," which have 
already been described as occurring in the substance of tlie retina 
where no separation has taken place. 

In some cases the separated portion becomes so untransparent as 
to retlect large quantities of light, so that it acquires even a whitish 
hue, especially in places where the apjiearance is given of white 
fle<'ks of greater or lesser size, which sometimes have a glittering 
as]>ect, as if due to fatty degeneration. Sometimes, also, minute 
specks of cliolesterine are present on the surface of the retina, or, in 
rare cases, in the effusion behind the membrane ; chalky deposits may 
also occur at times in the SG]>arated portion of the retina. Sometimes, 
on the contrary, the separated part of the retina, instead of having a 
grayish color, preserves to a great degree, or almost entirely, its trans- 
parency, and the efteet produced then depends upon the nature of 
the fluid l>ehind it. If this lias remained clear, then the details of the 
choroid can be seen with cumparative clearness. Under these con- 
ditions it is sometimes difficult to detect the presence of a sejara- 
tdon, or, when the elevation is detected, to say wlietlier this is due 
to a detachment or to a morbid growth — a difficulty whicli is in- 
creased when there happens to lie little or no motion in the sejia- 
rsted portion ; and especially is tliis tme when the separation is 
in the anterior part of the eye, and chise to the ora serrata. In 
this case the vessels, which are naturally small, are rendered to 
the eye still more so by being so far within the focus of the diop- 
tric system, and as a donsefiuencc, are so blurred and indistinct, as 
not to lie discernible except with a strong correcting glass. For 
tills reason it is better, when a separation is suspected, to make au 
esliaustive examination under a dilated pupil, both with the in- 
verted and upright image, with correcting glasses of varying and 
increasing strengths. 

If, moreover, it should happen that the fluid behind the retina is 

Bemi-transparciit, the resemblance to tumors of a glioniatous nature is 

' heightened, and doublti care is reipiired not to make an iiictirrcct 
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diagiioeie, under which an enucleation miglit Ije advised and per- 
formed, 88 has, indeed, happened hefore now,* 

In eeptiratiou of tlie retina the vessi'ls apjiear broken and dis- 
placed hidewiiie, as they mount over the elevated portion, and have a 
different aspect both as to their course and color. They appear some- 
what smaller, as they lie inside of tlie focus of the dioptric system, 
and seem to have lost their arborescent distribution, and to run like 
dark-rod lines, which are unevenly stretched out. Soraetioaee, how- 
ever, not only is the normal amount of tortuosity preserved, but it is 
increased. 

The color of the blood-colunin is, as a rule, darker than normal, 
both in the arteries and veins, and the impression is gained tliat this 
darkness in color is due to some impediment in the ein^ulation. That 
this, however, is not so, is shown from the fact tliat the blood has its 
usual color at the place of transition of tlie vessel from tlie non- 
separated to tlie separated portion. The darker color is really due to 
the fa<;t that the vessels are seen in part by transmitted light, which 
oftentimes, when the retina has preserved, its traiispareacy, predomi- 
nates over that reflected from its surface. It ia important to notice 
this increased darkness of the blood-colunm, aa it is often through 
this that the seitaration is first detected and a knowledge formed of 
its extent — that is, in its earliest stages, and before a protrusion to any 
degree has occurred. The increased darkness is also at times of serv- 
ice in determining whether an advanced poeition of the retina ia 
caused by a fluid substance behind it or a solid growth, especially in 
the early stages of tumor, for in tlie latter ease the vessels do not 
appear of a darker shade, but are even at times of a brighter and 
more scarlet hue. 

This diagnostic mark, of increa^ darkness of the blood-column, 
may be supplemented by another which consists in the absence of the 
lightrstreak, which often leads to tlie detection of a commencing sepa- 
ration in its very earliest stage — probably, indeed, when no actual 
separation has taken place, but when only the merest film of fluid 
has inserted itself between the choroid and the rods and cones. As 
an example of tliis I would say that I once observed a case where 
there was a sudden loss of nearly half the visual field, and where, 
upon the most careful examination, no elevation could !>e detected. 
Over that portion of the retina, however, which corresponded to the 
defect in the field tlie ligh^st^eak was entirely absent, leaving off ab- 
ruptly at tlie borders of the i>art which did not functionate. There i 
were absolutely no other ophthalmoscopic signs. This condition con- i 
• Cuse of supposed glioniB, ■' Tnuis. Amor, Ophth. Sop.," 18BB. p. 70. 
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I tJmied for soinetliing over a week, when actual separation Mcurred, 
I "which was precipitated hy long-continued stooping in weeding in a 
I garden on a very liot day. 

There is oftentimes, also, a parallactic dis])lacenient to 1)0 obtained 

I between one |mrt of a vessel upon tlie elevated portion, and another 

part of the same vessel upon the portion of the retina which is still 

uttached ; or between a vessel of tlie retina and one of the choroidal 

vessels when the fluid behind the retina is sufficiently transparent. 

Sometimes tlie place of juncture of the separated and non-sepa- 

I rated portion is mtrrounded by a yellowish ring which has the appear- 

I ance of an exudation, and which suggests the idea that an effort is 

being made to stop the extension of the eeiwration by forming a 

point of union with the underlying membranes. This may at times 

also be the seat of a greater oi" less accuinuJation of pigment, which 

may go on increasing until a ring is formed. 

In jjartial scfmi-ation of the retina, tliose portions which are not 
Kparated sliow but little change. There is, as a rule, but little or no 
injection of the optic nerve, and little or no hyperfeinia or tortuosity 
of the vessels, and but few signs of a diffuse retinitis. Indeed, often- 
times the non-separated part lias a perfectly normal appearance. 

According to some authors, spontaneous rupture of the separated 
portion can occur, and the ragged edges of the opening which has 
J been formed can be seen, while the details of the choroid come clearly 
I into view. Noyes has rejKirted a peculiar form of separation which in- 
1 volved the macula lutea in such a way that the perijiherie portion was 
torn away from its attachments in a circular manner while the central 
portion remained fixed and in its nonnal plane. The effect produced 
was as if the separated portion had been cut with a punch. It will be 
remembered that the writer has described seeing cases of central reti- 
nitis where there was a solid elevation of the retinal tissue, and where 
there was the same effect of being cut with a punch (Vol. II., p. 138). 
Separations of the retina that are caused by hiemorrhage Ixihind 
the membrane, and which can l>e seen, are, in the writer's exi>erience, 
xerj rare. These nsually occur after injuries, and are accompanied 
by so extensive an obscuration of the media as to prevent an ilhuni- 
□ation of the fundus — at times, indeed, to such a degree that no reilex 
I at all is obtained. Sometimes, however, such scparatious do occur of 
I a limited extent, espetdally in the more anterior parts of the eye, and 
I for some reawm or other in the upper part. With tlie ophthalmii- 
Lflcope such separations appear black, and it is only at the edges and 
Itmder the most favorable incidence and reflection of the light that 
I any red tinge is jxireeptible. This, however, can sometimes be pro- 
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duced, wlien all other means fail, with oblique illtiinination with a 
dilated pupil, when the Beparation lies in the anterior parts of the eye. 

Sprmf^ansous Heaii^e/imeiit of the Relinii. — This may take place 
after a longer or shorter interval. Should this be short and but little 
change have taken place, the reattachment may occur and leave but 
few or no visible eigns — so far a^ the mirror is concerned — that any 
detachment has taken place. On the other hand, when changes have 
occurred in the epithelial layer and choroid, these remain, and aliow 
tliemselves usually in hnear or circumscribed discolorations and dis- 
placements of the pigment, witli yellowish-red spota and streaks, 
which are evidently in the pigment layer or iu tlie choroid or in both. 

CouiTnidio RetincE. — ■Injuries to the head, such as concussions and 
"blows upon the eye itself or its surroimdings, especially from blunt 
instruments, may express themselves in such a diversity of ways and 
in so many different parts of the eye as to include almost every 
phase of injury ; as the cornea, sclera, iris, lens, choroid, and retina, 
may be either singly or conjointly affected. So far as tliis last mem- 
brane is concerned, it may be stated in a broad and general way tliat 
the rosnlte of these injuries may be divided into two classes, tliose 
which produce appearances that are visible to the mirror and those 
which are not ; for it can not be denied that there are cases, rare 
though tliey be, in which after such blows there is not, at the time at 
least, the slightest evidence of any damage done excepting a greater 
or lesser deterioration of the vision, which is usually proportionate to 
the degree of the violence and which may vary from the slightest 
veiling of objects, to almost if not quite a total loss of sight. 

It must be admitted, however, that in many if not in most of these 
cases in which there are no ophthalmoscopic signs at first, such signs 
do occur if the opportunity is given to observe them for a sufficient 
length of time. When this is possible, the signs of white atrophy of 
the optic nerve usually become evident. These may be accompanied 
not only by a diminution of the vessels, but also by some very slight 
but still evident manifestation of a mild form of vasculitis, in which 
the light-streak becomes decreased or invisible, the vessels lose their 
tapering aspect, and are sometimes accompanied upon and near the 
disk with fine white lines. There may be, too, a want of definition 
iu the general fundus, witlrbarely perceptible changes in the choroid 
and pigment layer- — such an appearance, indeed, as is sometimes 
seen after a post-ocular neuritis, similar to what is supposed to follow 
the abuse of alcohol or tobacco. All this suggests the idea tliat the 
force of the blow has propagated itself through the eye or by means 
of the bones of tlie orbit and created on the mechanical principlea of 
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eontre-caup gome sliock to the nerve or eveu brain, wiiicli expresses 
itself in some molecular change in the nerve itself witliont producing 
retinal changes, and wliicli may_ be accompanied -with or followetl 
by 8ome of the evidences of a post-ocular neuritis and secondary 
atrophy. 

But to return to the milder forms. When a blow of moderate 
forc« from a blunted instrument, such as a stick of wood or a cork 
expelled from a soda or champagne bottle, strikes directly upon the 
eye. it produces the following train of syinptoins almost immediately 
after tlie accident : In the typical cases there is usually a slight scleral 
injection around tlie margin of the cornea, or this may 1)0 entirely 
wanting. Occasionally, however, tliis injection is more marked, and 
may even extend over the entire white of the eye, such as we see in 
mild forma of iritis. Tlie iris is usually somewhat contracted, some- 
times markedly so, especially in young people, and olislinately resists 
even repeated iiistilladons of atropine, or, when it does yield, does so 
in an irregular shape. There may be also some discoloration of the 
iris with the otlier signs as mentioned above of a low form of iritis or 
iridiK'horoiditis. 

Tlie media are usually clesr, and the first thing that attracts the 
attention of tlie observer is the remarkable appearance which the ret- 
ina exhibits. Usually within an hour or two there is iu tlie neigh- 
borhood of tlie disk, or at the macula, a grajnsh circuit of greater or 
lesser extent and wliich varies from a spot as large as the disk to one 
which may embrace the greater part of the outer portion of the 
fundus. Closer inspection sliows tliat these larger districts are made 
np of smaller ones, between the borders of which the dimmed bnt 
Btill rosy-red of tlie background of the eye shows through. After the 
first day, or perhaps two, the grayish color becomes lighter bnt more 
dense in character, until the sroaller patches coalesf^ into one uni- 
form mase of a very light gray or at times even milk-whit« color, 
Hich as is sometimes seen in embolism. 

It would seem as if these patches of a gray and white color must 
be due to an acute (edema into the retina, as is sliown by the rapidity 
with which they appear and arc real>sorbed. Berlin observe*! a case 
in which there appeared to lie two foci of infiltration — one situal«d 
in the anterior part of the eye, where the force nf the blo\i- was first 
experienced, and the other directly opposite, and he is nf the ujiinion 
tliat this occurrence would l>e observeti ofteucr if the point of contact 
of the blow wa** not so far forwanl as to be beyond tlie reach of the 
ophthalmosco pe. 

It is commonly stated llmt the vessels are iint, )is a rule, miii-h 
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affected, but in the cases whii!li I have myself seen tliere has usually 
been a perceptible reduction in tlie size of the arteries and a corre- 
sponding enlargement in tlie veins, wliich are usually taiiering toward 
the porus opticus. This effect was very conspicuous in one which 
has already been mentioued, where there was a marked injection of 
the sclera, discoloration of the iris, a reduction in tlie size of the 
arteries, and a marked increase in that of the veins. There was also 
reduction in tlie tension of the eyeball. The effect was supposed to 
be due to some vaso-motor disturbance of a neuro-jiaralytie origin, 
the result of the blow (see Vol. II., p. 9), 

The vessels usually run unliindered over the grayish-white infil- 
tration, which shows that it must be either in the middle or outer 
layei-s, or those in which the capillaries are situated, or at least in those 
layers exterior to the fibre layer in which the larger vessels lie. At 
tiTnes small haemorrhages have been observed near the vessels. These 
I have never seen, but I did on one occasion observe a very large 
hffimorrh^^e in the anterior parts of the eye, tliat was evidently of 
choroidal origin, and between the choroid and the sclera. There had, 
however, been penetration of the eyeball in this ease, which always 
favors the production of hremorrhage. 

After a day or two, or when the infiltration has assumed tiie white 
appearance alluded to, it begiiis to disappear, decreasing in extent and 
becoming again of a grayish color. It disappears entirely, as a rule, 
within two or three days. The effect, however, upon the vision lasta 
niucli longer, and seems, as Berlin has pointed out, not to Iw dependent 
upon the amount of the infiltration or its position at the macula, for 
the sight begins to improve slowly l>efore the infiltration reaches its 
height, but is not entirely re-established until long after it has disap- 
peared. 

When the blow has been directly upon the eye itself, and not of 
great force, tlie disturbance in rision is ordinarily much less. Berlin, 
who has studied tliis form of retinal disease very carefully,* has also 
remarked that in these cases the alight rednetion in vision may be 
due to the production of some form of irregular astigmatism, and 
that this is then proWbly seated in the lens. In corroboration of 
this, I would say that I have observed several cases where, upon care- 
ful examination, a sort of folding in the anterior capsule of the lens 
was plainly observed, and which came out very eonspicuouflly by the 
use of a strong corret'ting glass under slight rotations of the mirror. 
In these cjises tliere were absolutely no changes in tlie liaek of the 
eye. This niflied appearance of the anterior capsule faded away after 
• ZrlieiKkT, l8T:t. p. 43. 
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r a greater or leseer period of time, wlien vision returned to tlie iioriiml 
ree. I liave also seen a ruffling o£ the membrane of Desemet as 
I the result of a blow. 

McIIardy reports a case of double-sided retinitis which resembled 
tliat of Bright's disease, and which occurred after an injury to the 
I back of the head.* 

Berlin has snggested the name of amblyopia traumatica as more 
1 appropriate tlian that of commotio retinie, while, for the milder forms, 
I in which there are no ophthalmoscopic signs in tlie retina, Leber pro- 
I poses the term of traumatic anseBtheaia. 

Rupture of U\f Retina. — Pure rupture of the retina, of the kind 

\ that occurs so frequently witli the choroid from blows or injuries, 

rifi exceedingly rare. I have seen but one example of it myself. This 

happened in the case of a geutlemau who, while riding, was thrown 

from his horse, striking upon his head. A large rent in the retina 

was produced, occupying nearly tlie entire posterior pole of the eye, 

including the region of the yellow spot, which allowed the stroma of 

. the choroid to Ite seen through the opening. There waa no sign of 

I any rupture of the choroid in the exposed surface. The ragged 

1 edges of the retina could l»e plainly seen projecting into the vitreous, 

I while the lower part of the retina, from tlie edge of the rent, was 

f BBparated toward the equator. 

Cysts of tlie Retina. — Under the name of cedcuia of the retina 
I Iwanoff described a condition of the retina which had been observed 
r before, but not so accurately studied. For the title of (udenia (if the 
I retina, Nettlesliip proposed ]>erhaps the more ajjpropriate name of 
\ eystoid degeneration. As a matter of fact, ai'cording to Leber, the 
I disease would seem to be due to the pi-esence of (edema eombined 
I with tliat of eystoid formations. It consists of a collection of fluid 
[ in the two granular layers, which, gradually increasing in quantity, 
L may acquire an enormous size. It occurs as a senile change in elderly 
L people, and, in this case, always in the ai^terior parts of the retina 
[ near the ora serrata, and presumably beyond the reach of oliservation, 
L a8 no ease of it has yet been detected in life. As Iwanoff sliowed, 
I however, it may occur in otlier places in the retina and in younger 
I people. 

Ab cystic formations are very rare, and as so far no single example 
mtd it Iiae yet been diagnosticated with the ophthalmoscope, the follow- 
I ing case, believed to t>e unique, will be of interest. The case occurred 
■ in a woman of middle age in the practice of my colleague. Dr. C. 
r Cocks, and was sent to me as a peculiar and intense form of i-etinitis, 
" ■' Trans. Ophlh. Soe. United Kingdom," vol. ii.. p. 54. 
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with a transparent fteparation of tlie retina. The retinitis, with bnt 
ehght ijliangee, had been present for tlie past Iwd years. Tlie separa- 
tion, however, was of a very recent date. 

Tlie fundns preeentefi all the appearances of a pronounced fomi 
of retitiitis, with plaijues of exndatiou, gretU vascular disturbances, 
with signs of perivasculitis and hfemorrhage, all of which, however, 
were limited to the upper and outer portion of the fundus, the rest 
being normal. In addition to these signs there appeared lo be a well- 
martted detachment of considerable size and prominence of tlie upper 
and outer part of the retina. The separated purtiun, or wliat was 
supposed to be such, was almost perfectly transparent, while the 
fluid Ijchind seemed to be of a yellowish color, and tft possess a gtwd 
deal of transparency, but was not sufficiently clear to allow tlie details 
of the clKiroid to be seen. The surface of tlie elevation was smooth, 
and covered at intervals with fine lines, and of a color which varied 
only a little from the transparent membrane itself. Closer inspection 
showed that these lines were not vessels at all, but were of the same 
nature as the rest of the membrane, and were apparently rchenforce- 
meiits of the same substance. They were arranged so a« to form a 
sort of network, and gave to the surface of the projecting body a 
frosted appearance, such as is sometiraes seen on the surface of a 
trans|)arent Japanese vase. 

It was decided, after a long and careful study, that what was at 
first taken for a separation of the retina was in reality a cyst filled 
with a semi-transparent fluid. 

"Wlicu the patient returned again in the following week, the en- 
tire protuberance had disappeared without leaving a trace of its exist- 
ence whieli could l>e identified with any accuracy. Signs of infiam- 
matioii there were in abundance, but no trace whatever of any rupture 
or the resulting scar ; and I am informed by Dr. Cocks that such is 
the case at the present day, when some eight months have elapsed. 
The other eye showed no signs of disease. 

The discovery of small cysts on section of injured and diseased 
eyes, though rare, is still not a very infrequent occurrence, but, as they 
can not be detected with the mirror, they do not concern us here. 

Dazzling of th« Retina. — Under certain circumstances, prolonged 
exposure to direct sunlight, as in the tropics, or to intense reflection 
from the enow, or the glare of the sea, produces a form of diffnse i 
retinitis or nenro-retinitis. Much more frequently, however, snch 
exposure is followed by amblyopia which, as a nile, is not accom- 
panied by any ophthalmoscopic signs. These affections, such as night- 
blindness, moon-blindness, and snow-blindness, are then more akin to 
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what 16 known »» fatigue, or an exaggerated toq)or of the retina, and 
are probably dne t« some derangement in the normal secretion of the 
visual purple, since confinement in tlie dark, with (lonseqnent increase 
of the pnrple, UBuallj restores the sensitiveness of the retina for 
reduced illuniinatiou. 

After-images of the sun, such aa may occur from prolonged look- 
ing at an eclipge, oft«n produce a central scotoma, which may l>e 
temporary in its eharacter, persist for some time, and tlien disapi)ear, 
or remain }»ermauently. 1 have eeen several such cases as tlie re- 
sult of an eclipse, and one or two after an exposure to an intense 
light of a lamp or a fire. I have never been able, except in one 
caee, to detect any' ophthalmoscopic signs. In this case there was a 
very dehcate and gauze-Uke opacity at the macula in one eye, witli 
slight disturbances in the pigment layer. 

On one occasion I examined the case of a young lady who had 
looked intently at the sun during the transit of Venus through a 
binocular opera-glass. In this case both eyes were affected, there 
being in each a small central scotoma, which cast a veil over all ob- 
jects looked at. Dr. Mathewson, who saw the case immediately after 
the exi>oBure, informs me that \-ipion was reduced in each eye to |. 
When I saw the patient, vision had risen to J, where it lias remained 
t<) tlie present day. There were no ophthalmoscopic signs, cither im- 
mediately after the exposure or subsequently. Dr. Mathewson also 
reports that another member of the family was affected in the same 
way wit}i a double central scotoma, which after a short time entirely 



Cases of retinitis have also been re^xirted as the result of a single 
1 of light. 



CHAPTER V. 
DISEASES OF THE OPTIC NERVE. 

Ff)R the purposes of oplitlialiiioscopy the heiul of the optic nerve 
may lie divided into three ^mrts: (Ist.) That whii-h is opposite or in 
a plane with the scleral opening, (2d.) That which lies opposite the 
choroid. (3d.) Tliat wliich lies opjwsite the retina, including the 
nerve-fibre layer — i. e., the papilla. (See also Vol, I., page 27, et at.) 

The retinal portion is supplied by the vessels of tlie central sj-s- 
teni, the choroidal by those which coiue from the choroid, and the 
scleral those which come from the scleral ring, which, it will be re- 
membered, 18 a vascular circle situated in tlie tissue of the sclera and 
which surroun<Is the stem of the uerve as it passes through the scleral 
opening (Vol. I., page 30). It will be understood, of course, that this 
division is not a rigid one, and that ves^ls from one part pass to the 
neighboring part, so that there is a connection lietween the vessels 
from the retinal on one side and the choroidal on the other, and to a 
less degree between the choroidal and scleral portions. 

Nevertheless, under the effects of irritation and inflammation a 
more definite deniarkation takes place than in health, so that a dis- 
tinction between a retinal and choroidal congestion can be made with 
a good deal of certainty, which is also applicable, although to a less 
degree, to a differentiation l)etween choroidal and scleral injection. 

Irritation of the Optic Nerve. — When the increasecl injection ib 
in the anterior parts of the optic nerve — that is, in those which are 
supplied by the smaller and more anterior vessels of the central sya- 
tem— it is more radiating in character, following the direction of tiie 
nerve-fibres and the course of the larger vessels (Fig. 45, which is 
from Jaeger). As the congested vessels pass over the scleral ring 
they have a tendency to conceal, or, if the congestion is marked, to 
obliterate it, while the boundaries of the nerve at times become un- 
recognizable. This may occnr in any eye in which for any reason, 
such as overwork or exposure t« glare, there is retinal irritation. It 
is often seen in highly hypermetropic eyes (o such a degnn? as to lead 
to the lh>Iief that actual intlanmiation is present, which tiuds its ex- 
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presBion in a low form of neuritis. This increased vascularity is auii- 
posed to be dne by moat antliors to the increased accomiiiudative 
effort* required by the 
structure of the eye. 
Still, I can nut help 
thinking that oftentimes 
tlie effect is increased 
through contrast, from 
tiie presence of an un- 
usual amount of con- 
nective tissue which ie 
common to sucli eyes 
and which brings out 
the striated appearance 
to a greater degree, 
helped, no doubt, bv 
the fact that so much 
connective tissue re- 
quires perhaps a great- 
er degree of vascularity Fm. 45. 
for its nourishment. 

Thus a noniial hypermetropic eye may seem to be congested, \i'hile 
it is not so in fact. 

Ii! elioroidal irritations and inHammations, on the contrary, we 
usually see that the injection is not so striated, and presents a more 
uniform appearance and color and is deeper situated (see Jaeger, Figs. 
102, 1(15, 106, 108-12fl). It is also more liable to affect the central 
parts of tlie nerve, leaving the connective-tissue ring more clearly 
defined from contrast than in the normal eye. At least it does so in 
i those cases where the more iiosterior vessels are affected, and where, 
I as I behove is often the case, the inner sheath of the nerve is con- 
tinued farther on in its course. This effect would be still more in- 
creased if the choroidal ring itiielf happened to lie miduly developed. 
This effect is due to the fact that, in these cjuies, the congestion comes 
from the vessels of the choroid and scleral ring, which lie on a ]>lane 
posterior to the connective-tissue ring, which there appears more con- 
spicuous from contrast, which is also increased from the fact that the 
connective-tissue string (Vol. I., p. 25, Fig. 8) which surrounds the 
central vessels, and which in the normal eye is destStiite of vessels, 
becomes vascularized. 

Irritatwn of f/if Scleral Region. — When this region alone is 
Feeted the injection appears to lie still deeper, and is, as a rule, more 
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iinifomi in character ; but there are caees where just the reverse take« 
place, and tlie injection bae an interrupted or spotty character, which 
h due to the nieshes and interspaces of the lamina cribroHa. Thig is 
very clearly seen in some cases of excavation of the optic nerve, due 
to a choroidal or glaucomatous process. 

This scleral form of injection ia often seen, according to Ja^i^r, 
in brain-disease, and I myself have frequently seen it in those wbo are 
victims to sick -headache. 

The congestion which follows irritations of tlie nerve alone, or of 
the nerve and retina, can be and oft«n is confined to the smaller ves- 
sels and capillaries, so that it is not only allowable but appropriate to 
speak of a capillary congestion independent of that of the larger ves- 
sels, wliieh are usually not affected in any d^ree that is appreciable 
to the mirror, 

Wlien irritation of the nerve is joined to that of the retina, we 
simply have what is usually expressed mider the title of retinal irri- 
tation, wliich means that the finer vessels extend over the connective- 
tissue ring into tlie retina. 

h\flamviaiion. of the Optic Ifen^i. — NetiriU^. — Just as it ia use- 
ful to designate the vascukr supply of the optic nerve by the region 
which it occupies, so it ia convenient to divide the substance of tlie 
nerve into regions, and to designate the inflammatory condition by 
the name of the part inflamed ; as, for example, " papilUtis " to denote 
an inflaitmiation of the papilla. The difficulty lias been, that here, 
as elsewhere in medicine, names sprang up in the early days of ophtlial- 
moBcopy from the supposed nature or cause of the inflammation, 
which advancing science proved to be incorrect ; and here, oa else- 
where, the older names have been retained to a large degree, in spite 
of the fact that they did not represent the pathological condition to 
which they owed their title. 

The nomenclature proposed by some of the more modern authors, 
notably by liClier, would on tlie whole seem to be the best, and this 
has been followed to a great degree in the present instance. 

We divide, therefore, the princi[)al fonns of inflammation ac- 
cording to the part of the nerve which is affected. Beginning with 
the outside of tlie nerve, we have — (1st.) Peri-neuritis, which signifies 
that the seat of the infianmiation is in the sheatiis of the nerve. (3d,) 
Papillitis (choked disk), wlierc the papilla alone is affected, or that 
portion of the nerve which is included between the lamina cribrosa 
and the anterior surface of the nerve-fibre layer. (3d.) Papillo-reti- 
nitis, where the retina is also affected. (4th.) Interstitial ueiiritis, where 
the connective-tissue stage-work of the nerve-stem is affected. (5th.) 
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Medullary neuritis, where tlie nerve-eubstance, or medulla itself, is 
affected. Furthermore, we speak of a partial neuritis, where a por- 
tion of the disk is seen to be inflamed ; and a retro-bulbar, or post- 
ocular neuritis, wliere the disease is supposed to be posterior to tlie 
nerve entrance. Again, we speak of an ascending neiintis, where the 
iiiflanmiation is supposed to progress fr<im tiie eye toward tlie brain, 
along tlie sheaths and stem of the nerve ; and of a descending neu- 
ritis, where tlie inflanmiation descends from the brain toward the eye. 
The great majority of practitioners, however, neglecting these fine- 
drawn distinctions, use the terms neuritis and neuro-retinitis to ex- 
press all forms of inflammation of the nerve and its surroundings, 
with the one great exception of tlie frequent application of the term 
" choked disk," rendered clas-sical by Von Graefe, to that jfarticular 
form of neuritis which is dependent upon brain-disease, and notably 
to tumor of the brain. 

It will l)e understood, from what is stated alwve, that many if not 
most of these distinctions are applicable to the microscope and can 
not Ije differentiated by the mirror, except nndcr the most favorable 
conditions — for this reason, if for no other, that they rarely exist 
alone, and, when they do, are sometimes situated in positions which 
are not visible to tlie observer. 

Simple JVeitritis. — Irritation of the nerve passes gradually into 
inflammation, so that in the earlier et^es the difference between the 
two is rather one of degree than of kind. In the milder forms tlie 
nnaller vessels and capillaries would appear only to be affected, the 
larger vessels not partaking in the disturbance to any appreciable 
degree. The injection of the nerve Itecomes more marked, while 
the smaller vessels, increasing in size, become %-isible in greater 
numbers. The disk, as a whole, lias a streaked and fretful a])pearance, 
which is easy enough to detect, but difficult to describe, and which yet 
distinguishes the milder forms of neuritis from simple hyiierfemia, 
or passive dilatation of the vessels (Fig. i*}). This plate is taken from 
Gowers's "Medical Ophtbahiioscopy," and represents in a very 
graphic manner the changes taking place in the different stages of 
disease of tlie optic nerve. Number 1 represents simple congestion 
of the disk from emkilic softening, and is from a drawing of the 
inverted image, while number 2 is the same disk as seen by the direct 
method, though reduced. Numiiers 3 and 4 are commencing optic 
I neuritis, "congestion with (p'denia"; the former by the inverted 
, image and the latter hy the upright. Numbers 5 and 6 represent optic 
neuritis, probably from a cerebral tumor and are of the same eye. 
' thougl^ seen first by the indirect and then by the direct method of 
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[ examinatioii. This placing side by side of the two illustrations of the 
I aame eye gives a most admirable example of the rcHulte of the two 
I methods and of the advantages that can be derived from each. 

In riie early stages of the more moderate forms, or even in the 
I entire duration of the trouble, there is usually but little difference in 
I the level of the disk, and commonly bnt little or no cedema of the tis- 
I sues. The edges of the ner\'e are, however, somewhat obscured by the 
I iiii;reased number of congested vessels, which pass over tlie eonnective- 
l tissue ring to snch a degree, in some cases, Uiat the position of the 
rdisk can only be told by tlie convergence of the vessels. Oecasion- 
I ally, however, it would appear as if the inflammation, even in tliese 
I milder forms, was of an oedematous character, and as if a light 
pin£ltration had taken place almost in the very commencement of 
I the morbid action. Here the injection, instead of l>eing increased, 
■■ lessened, and the whole surface of the nerve has a faded and 
I cottony aspect. 

The delicate and smoke-like cloud may extend out into the retina 
( on all sides, or lie limited to a certain portion shooting out from the 
I borders of the disk in a comet-like fashion. This form of neuritis is 
1 apt to accompany syphilitic retinitis and chorio-retinitis, and is often 
[-also accompanied by changes in the vitreous, which adds to the faint 
I and washed-out appearance of the nerve. I have seen this form of neu- 
I ritte also with tlie milder forms of brain-disease where tlie trouble was 
('limited to tlie meninges, and was not due to gross lesions, such as 
I tumors or gniwths. 

As the type of inflammation increases, the centre of the disk be- 

! comes redder than the i>eriphery and is much more uniform in its 

coloring, and is less striated than at the circumference of the nerve, 

■which, instead of Iwing of a deeper red, may assume a grayish color, 

I ihowing the presence of tedema. The physiological excavation fills 

I up sometimes so completely and so rapidly as to lead to the iinprea- 

\ mon that there was really no excavation ever present, and that what 

I appeared as such at the poms was in reality tissue, which was so 

* b^nsparent as to he invisible to the mirror until it was rendered 

Opaque by the inflaimnatory action. A step farther, and tlie contours 

of the nerve appear not only to be on the same level with the rest of 

the disk, but even slightly in advance of it, or the nasal half of the 

1 disk may be more swollen than the temporal, as the tissue in tliis place 

B more abundant. The (edema now becomes more marked and there 

pmay be some small liEemorrhages near the nerve, and the neuritis then 

■ passes from the milder forms to the graver and assumes the features 

■ of choked disk. 
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Qraoer Form^ <^ NmiHtis, — As haa been seen, the milder forma 
of neuritie may paaa step by step into tlie more serious fomie ; and 
tliis is especially true with those wliich are dne to lotml introociitar 
procesees in which the retiuH plays an equal or more pruuiiueut I>art, 
ae, for example, the neuro-retinitia of Erighl's diisease. In tJiese ca^es 
it would seem tliat the congestion in the earlier stages was due to the 
effect of the di^ase u^wii the smaller vestals, and that ti^ue changes, 
such as infiltrations and exudation, preceded any risible effect upon 
tlie larger vessels. It would seem, on the othor hand, to he differeul with 
that form of papillitis or clioked disk which is dependent upon some 
gross lesion of the brain. Here, as a rule, the first perceptible change 
is noticed in the larger vessels. This consists of an enlargement of 
the veins, which is ordinarily accompanied with increased tortuosity. 
The arteries, on the contrary, are reduced in caliber and run a 
straighter course. These two symptoms, which occur before any con- 
gestion of the disk is visible, may be carried to a considerable degree, 
BO that it may be difficult to determine whether oue is deahng with 
one of those rare cases of exaggerated tortuosity of the veins wluch 
occur in the norma! eye or with a commencing choked disk. When 
due to a normal peculiarity, the arteries usually follow the same gen- 
eral curves of the veins. 

The vessels also in the normal eye are almost invariably in the 
same plane as the surface of tlie retina, no matter how great is the 
tortuosity. 

In jmpillitis (choked disk) we often have, however slight it may 
be, still a perceptible antero-posterior deviation, while the arteriee, in- 
stead of following the curvatures of tlie veins, are even straightfir 
than in the normal eye. In stasis hyperfemia, which is not inflam- 
matory, it will be remembered that the arteries are enlat^ed and 
tortuous. 

The enlargement and deeper color of the veins and diminution of 
the arteries, which are the initial steps in choked disk, may continue 
in certain cases even for weeks. Usually, however, the other steps 
follow each otlier witli more celerity ; sometimes, indeed, with folmi- 
nating rapidity. Tlie injection of the nerve increases not only by the 
distention of those vessels which already existed, and which belong 
naturally to the part, but by — a« the microscope teaches — vessels of 
actual new formation, so that quite early in the disease, as in other 
forms of neuritis, the nerve has a red and striated appearance, some- 
times markedly so. The physiological excavation rapidly disappears, 
so that the surface of the disk is all on one plane. Then the brad of 
the nerve l>egins to protrude beyond the surface of the retina, and thia 
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still Increamng gives to the head of tlie nerve a formation like that of 
a mushrooni. Over this the central vessels run, and dip dowTi to the 
level of the retina with a broken and disjointed ajipearance. Their 
tortuosity increases at this time, until they acquire that nuake-like 
appearance wliich liaii given to the disk Uit; appellation of the Medusa 
nerve. 

The surronnding retina now begins to be implicated ; the nen'e 
loseg all traces of its outline, and its position can often only be told 
I by the convergence of the vessels toward the centre of the nerve, or 
I toward what was its circumference in case the centre has become 
obliterated. The vessels then seem cut abruptly off at a considerable 
distance from the original borders of tlie nerve. Plaques of exuda- 
tion, of greater or lesser size, appear up<in the surface of the paj)illa 
and neighboring retina, with hBemorrhages more or less profuse in 
. eharacter. These are in the inner layers, and usually along the course 
I of tlie larger vessels. Sometimes fringe-like hipmorrhages are ar- 
ranged in a circle round the projecting head of the nerve, or mark 
' the position where the vessels are lost to view in the swollen tissue as 
. they converge toward the enlarged circumference of the nerve. The 
i may extend over tlie greater part of the retina, and 
sometimes far out toward the ora serrata. The arteries may disapjjear 
entirely, buried beneath the swelling tissue, and only here and there 
a distended and interrupted vein -may make its appearance in what 
• aeems to be tJie general ruin. The swelling goes on increasing, both 
in a lateral and jierpendicnlar direction, until the disk, if visible at all, 
seems to Lave twice it* size. The perpendicular elevation may attain 
a height of two millimetres above the plane of the choroid. This can 
be plainly seen by tlie movements of the lens in tlie indirect method, 
or measured exactly with the upright image, as has already been 
pointed ont in Vol. I., page 1 15. The swelling may he greater in 
one part of tlie nerve than the other. The edges of the nerve are 
) steep that they fairly seem to curl over into the retina, 
while at others they slope gradually away, the whole swelhng forming 
a shallow plateau extending over a large circuit. The condition may 
now I»e fairly called a nenro retinitis of a flagrant type, esi>ecially as 
there are liajmorrhages, plaques, and exudations extending far over 
the surface of the retina, concealing in part and in part reducing tlie 
tone of the general fundus. 

Curionsly enough, through all these changes the light-streak upon 
[■ fiie vessels, where they are still visible, is preserved, oftentimes in all 
. its brilliancy and increased in breadth, as would naturally he the case 
. when the veins are dilated. This proves that the current is certainly 
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going on in that particular vessel, no matter Low much itn di^johitod 
appiiaraiice may give the idea that it is etrangulated. 

It liae just been said that tlie physiolwgical excavation was iieually 
tilled up. atid tint; is trne as a rule, even in the earlier stages of the 
disease ; hut there are some excepliiins to this rule, fur. when peri- 
neuritis is present iu a predominating degi-ee, associated with circum- 
papillary retinitis, the physiological excavation is not decreased, hut 
it is even increased in size. In these caseu, the prodomiflance of the 
inflammatory action Iwing at the periphery of the nerve, a wall-like 
swelling surrounds the eircnniffrenee of the disk. As this swelling 
extends into the retina, it raises the peripberical border of the nerve 
at the exjMjnse of the centre, and thus increases the depth and size 
of the excavation, especially if this is sufficient to put the central 
vessels upon the stretch. Such a condition as this is apt to occur 
in the graver cases of syphilitic neuritis, in whieli, on section, the 
sheaths are sometimes found enormously tliickened through inflam- 
mation. 

Here I would pause to say, what perhaps had been Ijetter said at 
the outset, and that is that neuritis, like retinitis, has no detiuite svmp- 
toiiis for definite diseases. It has certain elements of congestion of 
the vessels, of liyperplasia of the tissue, of htemorrhage, and of (edema, 
and other signs and symbols of inHaniinatiim. Thus, the neuritis in 
Wphilis may vary from the slightest shade of congestion or the merest 
trace of infiltration to the most flagrant forni of inllamniatiou, such 
as is seen in choked disk, and it may readily happen tliat the most 
expert examiner might not be able to detect any difference between 
the two, or to establish a diagnosis ; and, when this is done, it is often 
not so much from the asjiect of the nerve itself as from the behavior 
of its surroundings — the retina and the retinal vessels and the accom- 
panying affections of the muscles — very much upon the principle of 
" Tell me who you go with and I will tell you what you are." I would 
also add tliat. after all, one glance at nature is worth more than all 
the pages of mere description that could be written. It is usefol, 
however, as well as interesting, to kiww the factflre which go to make 
up the i>icture, even if tlie multitudinous variations in it can not be 
adequately described. 

The swelling which the nerve undergoes, which Bometimee pro- 
duces such a degree of protrusion of the head of the nerve, is caused 
by the varicose swelling of the nen-e-Jibres, the dilatation of tlie ves- 
sels, the hyperplasia of the connective tLjsue, and tlie oidema, ae is 
very clearly shown in Fig. 47. The changes in the retina are tiioee 
which occur in the graver forma of retinitis in which all tlie layers are 
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rimpUcalBd. Tli&ie changes have been described under retinitis, and it 
1 will be only necessary tj) remind tlie reader that tlie wliite pla^^nes here, 
I as there, are due to fusiform hyjwrtrophy of tW: nerve-lil>rea, fatty de- 
1 generation of the tissue and 
-capillary vessels, and serous 
ftnd fibrinous exudations. 

RetrogTesiflm Cli/inges. — 
The changes which tak e place 
in papillitis are tliose which 
would be expected in the 
subsidence of any iuflaninia- 
tioii. The (jL'denia is gradu- 
Ally absorlted. The swelling 
abates both in the nerve and 
xetina. The hteniorrhageB 
^conie absorlHH], and, when 
tliey are of large extent, tlieir 
BUrface is broken up by snuiU 
patches, of a yellowish -white 
color, some of wliich Kueni 
to be due to de-hEematized Fio. 47. 

blood, and otliers, from their 

brilliancy, to fatty degeneration of the fibres, in wliich may be in- 
cluded also the radial filjres of Miiller, These yellowish patches may 
be interspersed with bn>wnish patches or etrife, and thus produce pre- 
cisely the same effect that the nenro-retinitis of Bright's disease does 
in the acnte stage. These patches may be entirely absorlicd or re- 
main for a very long time, if not forever, especially when tliey are 
arranged in a circular or zonular form round tJie macula lutea, even 
increasing the resemblance to retinitis albumiunrica. During tlie eub- 
aidence of the tedenia and swelling, the vessels begin to come again 
into view, and to resume somewhat their natural form and aspect — 
first the veins and then the arteries — and one is surprised, often 
aetonislied, to see the degree to which they regain their normal coTidi- 
tion and color. Indeed, this may be the case with the entire fundus. 
I have seen eases which seemed beyond redemption regain, after a 
longer or shorter period, an almost complete recovery, with little or 
•no deviation from the normal standard, either as to the ophthalmo- 
acopie appearances or the acuity of vision. 

Of course, this is not usually the case, for commonly the optic 
•nerve, as well as the entire fundus, has a worn or even battered air. wliich 
ijtiaiiily shows the results of the struggle which it has been through. 
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Tlie edges of the nerve are irregular aiid uneven, while tliose of the 
cJioriodal oi>eniiig luok frayed and discolored, with small colleettons 
here and there of pigment. Tiie surface of the disk appuare nntrans- 
pareiit and dense, with a more or lees dirty and discolored acpeoL 
The capillary circulation is concealed to a great degree or entirely 
wanting. It is important to note carefully tJie signs round the borders 
of the disk, as they often form important diagnostic markw l>etween 
the atrophy from papillitis, due U} tumor of the brain, and the clean- 
cTit and sharply defined iKu-dur of tlie nerve in primary atrophy, or 
in secondary atrophy consecutive to a retro-bidbar neuritis, 

Ijiter on these changes are intensitied : the vessels, moderately large 
in the early stages of resolution, become narrower, especially the arte- 
ries, and \'ision, which may have risen to a fair amount, now begins to 
fail, showing the inlinenee of tlie contracting tissue upon the nerve- 
fibres. White streaks begin to ap|)ear along tlie vessels, and a veil- 
like covering of connective tissue may mask tlie poms o])ticH8, This 
process of narrowing of the vessels may go on until they are of 
thread-like proportions, or entirely invisible. Sometimes, however, 
the veins in the retrogressive stage, instead of Iteconiing smaller, may 
increase in size, and become even more tortu<:)US than in the acute 
stage, which is probably due to elongation from atony of the walls. 

The nerve now gradually passes into atrophy, which can not 
always be distinguished from oniinary atrophy, but which, neverthe- 
les.s as a rule, differs from it m some important respects, inasmuch 
as tliere is more tissue in the head of the nerve and a less tendency 
toward excavation. The while color is, too, much less brilliant, being 
often of a dirty-grayish tone, with little or no luster to it. The 
lamina oribrosa is veiled from \iew. There are also apt to be more 
changes in the retinal tissue, with tite stellate figure at the macula. 
This is usually not so complete in form as in Bright's disease, so tliat 
it represents a segment rather tiian the whole or even the half of a 
circle. The individual spots are also smaller in size. 

The vessels upon the nerve and in the retina are ajtt to be nar- 
rower and much more tortuous tlian in simple atropliy. 

In descending neuritis, especially tliat from meningitis, the atro- 
phy which follows is marked by the peculiarity that the diak is 
sharply limited, with but little distil rlwiice at the choroidal edge, 
and shows less signs of previous inflammation than that which fol- 
lows tumors of the brain. The vessels carry tlieir normal calibre to 
a greater distance, and in some cases the lamina cribrfisa can he clearly 
seen, while after choked disk, from tumor, the liead of the nerve 
fuller than usual, and the lamina is concealed. 
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Microscopical Changes. — In the tirst or congestive stages of 

' neuritia there are no microscopical signs of inflammation. In tme 

iuttirstitial neuritis and peri-nenritis there is cell infiltration, with 

hyjiertrophy of the connetrtive-tiBsue stage-work, especially that which 

carries the vessels, and especially, too, in the neighhorhood of the 

centmi canaL The bulk of the nerve is incrcaaecl by this and by 

' infiltration of lymph -corpuscles, wliile the inclosed nerve-fibres either 

F no change whatever, or are at the most somewhat more richly 

provided with nuclei. Later on, however, atropliy of the nerve-bun- 

\ place, so tiiat through pressure they l)ecome very much 

' smaller, and finally, in the more scrions forms, fade entirely away, 

I BO that at length only a coimective-tiasue string it-uiaius in tlie place 

of the nerve. 




In other coses, with less tliiekening of the connective-tissue staging, 
' gray atrophy ensues, in which the nerve-bundles are preserved as 
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Eucli, but become smaller tliroagh Iobb of tli«ir medullary sbeath. 
Tbej assniuo a gtilatinous appearance, wliich accounte for or rather 
occasions tlie diiKJolorations seen with the oplitlialmoscope in some 
foriiit) of atrophy. This (tame gray defeneration is seen in medullary 
neuritis, with the preeenee of niuuerous fat-cella. Gray degeneration 
may also occur as an iude^tendent process and without any apparent 
hypertemia. Indeed, it baj* ht-en doubted whefber tliere conld be any 
true inflarninatiou of the medullary substance, and whether it was not 
always rather a process of degeneration than intiamniation. 

In fiome fonns of neuritis from brain-disease — that is, descending 
neuritis, wliicli is accompanied by pronounced jwri-neuritia and inter- 
stitial neuritis— the intiamniation may be looked uixiii as a ]>ropaga' 
tion of that of the coimeetive- tissue elements to the niediiliary sub- 
stance ; and here Uie neuritic degeneration does not always show it*eif 
at tbe disk, but proceeds frequently from the chiasma down along the 
stem of the nerve or backward along the tracts. 

The microscopical changes in choked disk are illustrated by the 
fellowing figures, which were drawn from nature by Dr. H. C, Eno, 
in the case of a man who died from a sarcoma of the brain. Fig. 48 
represents the base of the brain, tJie site of tlie ttmior Iwing shown 
by the red shading. Fig. 49 is a longitudinal section through the 
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optic nerve and papilla. It shows the lai^ degree of swelling of the 
optic nerve due to the varicose or ganglionic enlargement of the non- 
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I meduUated fibres, hyjterplasia of cimneetive tissue, (edema, serous cou- 
I gestiori, an<I development of new-formed veseels and cajiiUariee. Tliese 
I ganglionic swellings are sometimes of an enormous size and offer a 
homogeneous appearance of a yellowish color and contain many fatty 
and glitteriog granules, such as are found in various forms of reti- 
nitis. They cause the white lustrous effect which tlie nerve sometimes 
possesses. 

Collections of Ijiiiphoid cells are also found. Fig. 49 also shows 
the distention of the slieaths. It, moreover, shows very clearly liow 





Flo. 50. 

I tlie laj-er of rods and cones is displaced outward by the swollen bead 
' of the nerve, and explains the fact pointed out by Knapp, that in rases 
of choked disk the blind spot is enlarged, sometimes enormotisty so. 
It shows too, in ttiis case, as in many others examined by different 
■ o1)8ervers, that notwithstanding tlie large amount of swelling there 
L^raa no choking of the disk or constriction of the vessels at the scleral 
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opening or elsewliere. Hence, AtthuugU bucIi confitriction may take 
jilace, it in not eiiuieDtial to the process, and the iituiie choked disk is 
nut tbereforo applioable. Still, there are canes where tlie signs df 
constriction are evident enough. It mual be tv~ 
membered, too, tliat the mece faet that the gigne 
of strangulation are not found after death is not 
enough to prove that the vein was not more or 
less ccimpreesed during life, or even if not uom- 
proKstid so as to alter its calibre to any degree, 
why there ehoiitd not be a retardation of the cur- 
rent, which would produce a form of stasis witli 
processes of irritation. Fig. 50 sliows the gan- 
glionic dilatation of the nerve-fibers. 

Fig. 51 shows tlie swell- 
ing of the intraocular end 
of the optic nerve of the 
left eye, from a sketch 
made at the autttpsy by 
Dr. Edward Gurtia. It was formerly BUp- 
ixwetl that tliis distention of t!ie sheath was 
due to an accumulation of Huid which eame 
from tlie brain. It is more probably due to 
tlie fact that tlje neuritis is extended to tliis 
part of tlie sheaths and liecomes a ]x.'ri-neuri- 
tifl. This is more i>robably the case, as this 
l>art is tbe most vascular portion of the nerve, 
containing, as it does, not only the vessels 

pro]»er of the sheaths, but Pio. St. ^ 

also ramifications from tlie 

central artery and branches from the short ciliary 

vessels through the scleral ring. This would also 

explain why, when the inlianmiatiiin has gone so 

far as to atfect the parenchyma of the sheaths in 

this part, there should be the cavernona openings 

in tlie lamellie noticed in dissections. Fig. 53, 

which is from Sehwall)e, shows the sejjaration of 

tlie dural sheath into its four lamellae, and their 

continuations into the sclera. 

Fio. 53. Fig, 53. also by Dr. C'urtis, is a section of the 

jioKtcrior half of the eyeball, showing swelling of 

the nerve and impilla, and dilatation of the intra-vaginal sheath. 

Fig. .H is an illustration by Dr. Eno of the opht]ialmoscii]iie appear- 




DISEASES OF THK OITIC NERVE. 



ftDces of tliig case of typical choked disk from tumor. T)ie elevu- 
tiou, ae measured by the upright method, being 1.09 millimetreR ae 
the refnurtiiiii at the jjapilla was +4 1). (see Vol. I., page 113). 




This Bwelling of the head of the nerve may attain, aw has already 
V>een stated, a heijjht of two millimetres alK>ve the plane of tlie 
choroid, and is tiaually accompanied by a hypertrophy of tlie outer 
layers of the retina, which also increases the elevation near tlie 
disk. (Edematous spaces may form in the outer layers Be well as in 
the nerve-fibre layer, and if the papilla is much elevated it may carry 
the retina with it and thus canse a small separation of the retina near 
the bead of the nerve. Tlie white plaques in papillo-retinitis are like 
those in retinitis alliuminuricn, dne princijially to a considerable infil- 
tration of grannlar cells in the granular and inttT-granular layers, t^' 
which may also be added hasmorrhages, pigment-cells, and fatty de- 
generation. 

The walls of the vessels are thickened and the adventitia is bji>er- 
trophied, and the metlia in the later stages much increased in thick- 
neas, due to sclerosis. 

In tlie atrophic stage the nervoat elements disappear still more, 
and the papilla becomes flatter. Still, it may even in the atrophic 
stage project above tlie retina, especially wlien there has been mnch 
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liyjierplasift of the connective tissue, as the retina itself eontraota be- 
low its iistnal level. 

The changes in choked disk, bo fnr as the niieroscoi>e has jut 
tiliown. may lie limited liy tli« lamina eribrosa, and may be fairly called 
intra-f)cnlar. They may, on the otlier httU<J, extend to tlie sheatlis 
and advance up the stem of the nerve, becoming a nenritia ascendene. 
Or. on the contrary, tliey may progress downwai-d from the brain 
along the nerve and sheaths, and form a nenritis de^cendens. 

Viswil Di^turtxituifa in Choked Disk. — The amount of vision in 
choked disk may vary from a normal acuteuess to total blindness. 
Priigressive amblyopia coiimionly ocrurs as the disease continues. 
The central vision is afEected, as well as the peripberical. The iield 
usually contracts most upon the nasal side, until the whole imier half 
of the field has gone, as well as the centre, and all that remains of it 
is a small eccentric part outward. Certain defined limitations of the 
field may occur, of course, from direct pressnre of a growth upon 
the nerve, tliat may tlien resemble hemianopsia. Marked and sudden 
blindness, with dilatation of the pupil, when it occurs witli choked 
disk, is not due to neuritis alone, but to direct pressnre upon the 
nerves by a growth, or from distention of the third ventricle. 

Differential Diagnosis.— The iliagnosis Ijetween the various forms 
ot neuritis can not always be made witli the mirror. Still, there are 
some differences wliicli, if not always present, are so to s predomi- 
nating degree, and which sometimes serve to draw distinctions be- 
tween the varieties named above. Thus, in the aticendiiig form and 
that which usually accompanies choked disk, from tumors of any 
description, there is usually a much more pronounced degree of swell- 
ing and inflammatory action than in the descending form. Moreover, 
in papillitis the protrusion of the disk, besides being more prominent, 
is limited more to the head of the nerve itself, presenting a steep and 
abrupt descent to the retina, thus giving to the papilla the musltroom 
appearance. The greater this peculiarity is, the greater the proba- 
bility that the process is due to tumor or growth of some sort in 
the brain. On the other hand, a more moderate degree of swelling, 
and a moi-e gentle and further reaching implication of the retina, are 
due rather to a neuritis degcendens from meningitis than tumor — im- 
lesB, indeed, the meningitis is of the chi-onic form, wlien the symptoms 
resemble or are identical with those from tumor. Again, the white 
plaques are apt to \k smaller and more glittering in nenritia deeoen- 
dens than from tumor. 

Thus, I have not infrequently seen, in memngeal troubles, a low 
form of neuritis with very little inflammatory action, and which, on 
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furtljer progress of tbe disease, turned into a marked form of neiiro- 
retinitis, in wiiicli the swelling of the nerve pureed into tlie retina, 
witli no marked diiferenc« in level, and with a tendency to extend 
it£elf rapidly toward the periphery. In basilar meningitis there is 
at times a glittering effect, that extends over the disk and into the 
retina, especially along and over the vessels, which is not present in 
other forms of neuro-retinitis. Still, it must l>e home in mind that 
these peculiarities are not always present in neuro-retinitis from men- 
ingitis, and that there may be a geuimiti form of choked disk of the 
most prononnced character. 

As a rule, too, vision is usnally much more seriously affected, and 
affected earlier in neiu-itis descendeus than in ordinary choked disk. 
It is apt to be affet^ted, too, t)efore marked ophtlialmuscopic changes 
have occurred at the disk. Indeed, these may not appear for months, 
or even years, and then only in the form of a secondary atrophy. 

The pupil, too, is a]>t to Ikj very sluggish or uneverdy dilated on 
tlie two sides, or abnormally dilated on Iwtit sides, while in choked 
disk the pupil and vision are much less likely to l>e affected in tlie 
early stages of the trouble; indeed, may not lie sit, even wheTi the 
intlanmiation is at its height, and tlie ophthalmoscopic signs have 

in fully developed for a long time. Thus many cases with marked 
exaggerated ophthalmoscopic signs liave been reported, 
which have been watched for years, in which the vision remained 
normal. Mautimer reports a caau which was under his and Becker's 
obeervatitm for three years; and Dr. Rushmore rejwrted a case to 
the New York OphthalmologieiU Society that he had had under ob- 

vation for ten years. In Mauthner's case, tlie microscopic exami- 
ttion, made by Iwanoff, showed tJiat the swelling was due to an 
of vessels, serous intiltration, with moderate hj-pertrophy, 
it with little or no increased cellular infiltration. The uerve-Hhres 

imeelves were in a normal condition. Moreover — and this is most 
iportant— the process was limited by the lamina crihrosa, beyond 
'hich it did not extend. 

The differential diagnosis in the papillitis, dependent upou tumor 

the brain, and that due to Brigbt's disease, has already been given 

ler retinitis albundnurica{Vol, II., p. 1+i*). 

Neuritis due to tumor in tlie orbit is usually differentiated from 

A occasioned by an intracranial growth, by the fact that, besides 
confined to one side, there is usually some exophthalmus, 

ible vision may, of course, be present in either case. 

It ie not within the scope of this Ixiok, which deals with the 
ttnree of disease as they exist, rather than with the causes which 
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led to their production, to dwell at all upon subjects wliieb are Btill 
niatterfi of speculation. Still, it may be of service to tlie studuut to 
refer in a very brief manner to some of tlie more prominent theories 
which have been advanced in tlie explanation of euuh important 
pathological prcxiesees. 

Cawi8» of PapiUltin {t'/wked Dhl-). — The first important theory 
in the explanation of choked disk was lliat offered by Xan Gratsfo. 
This implied an increased intra-trranial pressua', which extended its 
influence to the cavernous sinus. The result of such pressure would 
be an ini])ediinent to the return circulation from the retinal veins 
through the ophthalmic vein to the sinus. A backing up of the 
current would thus occur, especially at the constriction formed around 
the head of the nerve at the scleral opening (see Vol. I., p. 32). 
This stasis would lead to irritation of the siirronnding pails, until 
almost complete strangulation took place in this part of the nerve, 
which would be followed by all the peculiar ophthalmoscopic eigna 
and morbid appearances shown in microscopic sections * 

BeriedlkCs Theory. — This is that some irritation is brought to bear 
on the sympathetic nerves, and that this irritation is jjropagated in 
some subtle way to the vaso-motor filaments which regnlate the circu- 
lation of the disk — in other words, that the neuritis is one of abnor- 
mal innervation of the sympathetic system. f 

SckmldfH Theory. — This assumes that choked disk is the result of 
the intracranial fluid being forced down l>etween the two sheaths of 
the nerve, which, when it arrived at the ocular end, occasioned stasis of 
the circulation and all the phenomena expressed in papilhtis.^ 

I^arirutud'e Theory. — This was a modification of Schmidt's, inas- 
much as it assumes that it was not necessary for the fluid to be forced 
down or to migrate from the subarachnoidal space of the head into the 
corresponding space of the optic nerve, but simply that a stoppage in 
its flow sliould take jtlace from intracranial oedema, caused by disten- 
tion of the ventricles of the brain. This arrest of the flow of the 
lymphoidal fluid through the lymph spaces of the optic nerve produces 
a stasis of the blood-vessels and all the attending manifestations of 
choked disk and distention of the sheaths. § 

Iluglilings Jackson would seem to favor substantially Benedikt's 
theory, since he thinks tliat optic neuritis may be " a doubly indirect ' 
result of local gross organic disease ; that first tliero arc changes of 

• " Arehii- fnr Ophth.." B. XII.. ab. ii., p. 100. 

f •■Elektr.ilherapie.'MSIW, p. 2411; ibid.. 1876, p. 404. 

i ■■ Archiv fOr Ophth.." B. XV.. ^a. ii. 

!j " Anti&les d'Oi^iiIiatique," p. 83, 1879. 
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instability about the tiimor, ttiat next these lead on dlschargeB, by iiiter- 
niediation of vuao-mutor nerves to repeated contractious with subse- 
(juent paralyses of tlie vessels of the optic nerve centres, and at length 
to that trouble of nutrition which is optic neuritis," * 

According to Gowers, Galezowski believes that neuritis is always 
descending, and Galezowski first maintained, contrary to previous 
observers, that the intra-ixjulftr change is in all cases the visible 
manifestation of an i nil animation pro])agate<l by continuity from tlie 
brain, Gowers, and some of the more modem observers, would 
eeem to favor this view. It is, however, directly opposed to the 
microscopic results of such observers as Von Aimtion, Virchow, 
Sehweigger, and Iwanoff, The question is not whether the stem of 
tlie nerve is found diseased in connection with choked disk, but 
whether choked disk can exist without it, and the authorities men- 
tioned above state directly that it can, and that the microscopical 
changes may discontinue at the lamina cribrosa, tlie rest of the nerve 
being entirely normal. 

In 1882 tlie writer advanced the view that "choked disk, in con- 
nection with bra in -disease, is not simply a vaso-motor disturbance 
which leads to inflammation and stasis on account of the anatomical 
condition of the parts affected, but that it is a true neuritis, which is 
tlie expression of an irritation of certain fibres of the fifth pair — 
fibres which not only regulate the blood-supply in the vessels, but 
wliieh also maintain the healthy processes of waste and repair of tlio 
elements of tlie tissues themselves, rurthennore, that the irritation 
is conveyed, not by the isolated fibres of the sympathetic system, but 
through the agency of the trigeminus, and especially of its recurrent 
ophthalmic branch," f 

It will be seen from all this that the true cause or causes which 
lead to choked disk are not yet definitely established, 

Reti-o-buJhar N^evritts. — Among the milder forms of neuritis is 
one which, from the doubt as to its true nature and from the fre- 
quency with which it occurs, is one of the most curious as well as 
most interesting forma of infianimation of the optic nerve. This af- 
fection would seem to vary between a neuritis or neiiro-retinitis and 
atrophy, or to partake of all three characteristics at the same time. 
It has, for this reason, been designated by Leber as a form of chronic 
retro-bulbar neuritis with partial atrophy of the optic nerve, "in 
which the atrophy shows itself in the outer or t«m]>orrtl fin-uinfer- 
ence of tlie disk." 

• ■■ Times and QaMtlt!." Mmvli IB, 188!. p. 310. 
I "New York Medical Journal." June. 1888. 
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Tile cliangee seen by tlie mirror are iiauallv a moderate degree of 
injection of tlie sraallur vessels of the nerve, wliieli soinetiuies scarcely 
passes tlie phy»iological limit, and then again is more marked. In 
this case, it shows itself in Euch a way tliat the middle zone of the 
nerve is more congested than the other portions. The congestiuii 
then extends to the central portions. In tiiis way, tlie comiective- 
tisBue ring, instead of being more or less concealed, is rendered more 
conspicuous. 

With this injection of the optic nerve there may be a very deli- 
cate and hardly i.»ureeptible haze or indistinctness of the tissue of the 
nerve, which may at times extend itself into the retina. This slightly 
veils the contours of the nerve, resembling only to a less degree what 
. is seen in diffuse retinitis. 

Tlie larger vessels are but little, if at all affected, either in tlieir 
size or course. Occasionally, however, the arteries are reduced in 
size, especially near the disk. As a great rarity, the veins may be 
slightly dilated and somewhat more tortuous than usual; hut what 
is much more constant, and, at the same time, much more important, 
is the reduction or the total absence of the light-streak on liotli ar- 
teries and veins, showing that the larger vessels ai;e, to a degree at 
least, implicated in the process, which is also made evident at times 
by the fine white lines extending along the borders of the vessels. 
I^her is, indeed, of the opinion that some of the cases of perivascu- 
litis Itelong to this category of diseases. lie further believes tliat it 
is not improbable that similar changes may take place in the vessels 
of the stem of the nerve, as had Iwen, indeed, already suggested liy 
Moo re n. 

If this is so, it may lie, after all, that the initial lesion may lie 
with the vascular apparatus, and that the subsetjuent atrophy of the 
fibres is due to an altered blood-supply in those vessels which nourish 
the particular fibres that are distributed to this part of the retina, 
whicli is marked out by the central scotoma. Anatomy teaches ne, 
moreover, that the axial fibres of the nerve pass from the central . 
portion in the stem to the outer part of the disk on tlieir way to be 
distributed to the retina. This being so, it might have an imjxirtant 
bearing fin those forms of general nervous disease — Tiotably sptnal 
affections, where low and chronic forms of optic neuritis are so com- 
mon; where, too, in the author's opinion, contrary to the general 
belief, the atrophic stage is usually, if not always, preceded by a 
congestive stage. 

Besides these signs of congestiim, tliere is that phantom-like liase 
over the entire fundus which lias licen so often spoken of in these 
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[ pages, and about the true seat of whioli it is impossible tn say wlietlier 
B in tlie nerve-layer or in the middle layers, where the capillary 
' Betwork is most pronounced, or whether it is due to the participa- 
tion of the choroid. 

Accompanying these signs, and even in the congestive stage, and 
before there are any visible signs of atrophy, there may be, and usu- 
ally is, a peculiar scotoma, which extends horrizontally from the 
point of fixation to the nerve, including the blind spot. With this 
peculiar scotoma there may be marked centra! amblyopia with a nor- 
mal excentrie lield, or, in very rare cases, the central vision may be 
good and the periphery atfected. Even when this central scotoma 
is not well enough defined to l>e an actual defect, tiiere is almost uni- 
versally a color scotoma, especially for red, and this may exist even 
where there is very little central amblyopia. 

Following the congestive stage, wliich may l>e so slight as to be 

hardly perceptible, corner a moderate degree of atrophy of the outer 

circumference of the nerve. This de-coloration is, as a rule, limited 

to the outer half of the nerve, and only in very rare eases and those 

of a very pronounced and inflammatory character, does the blanching 

of the nerve extend over to the nasal side. There may !«, too, a 

I flight atrophic excavation of the temporal side of the nerve. As a 

I result of this atrophic condition, tlie meshes of the lamina eribrosa 

\ are sometimes brought to view or rendered more conspicuous. 

Leber first suggested that this form of the scotoma was due to 
the implication of tliose fibres, wliich he claimed have a peripheric 
position at the disk, and which are then distributed to tlie section 
of the retina which lies between the pajiilla and the macula, and 
which are finally arranged in such a way as to correspond in shape 
and position to the scotoma. I^ter investigations by Forster, Nettle- 
ship, and Ednmnds would seem to corroborate T^-Iier's view. They, 
however, go further, and show that those fibres which are situated at 
the circumference of the nerve when they have reached the disk have 
tntral position in the more posterior parts of the nerve — that is to 
[ iay, that what are " axial " fibres in the posterior parts of the nerve 
Fbecome peripheric fibres at the disk. Thus, a central scotoma may 
Lbe the result of an axial neuritis if the inflammation is in the pos- 
ftterior parts of the nerve, and of a i»eripheric neuritis if situated 
I anteriorly. Leber l>elieves that liis explanation of the central sco- 
[ toma is applicable to all forms of neuritis where a scotoma of this 
; diaracter exists. 

Perhieurith and Ilijdnips of the .9^ wM.— Strictly speaking, 
I perineuritis in tlie sense of an inflammatiiin of the surrounding 
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sheaths of the optic nerve, can not be seen with tlie oplithnlinnscope, 
antil by propagatitm it hiia liecouie an intra-ocukr neuritis. Ae sncJi 
it increases tlie swelling of the papilla, and aids oftentinies in fonn- 
ing a sort of wall around the circumference of the disk, which has 
already l>een described in connection with retinitis and optic neuritis, 
forming what is known em retinitis eireum-papillaris. The same is 
true In regard to the non-visibility of the appearances, so far as the 
ophtiiahuoscojie is coneerned, A cone-like distention of the sheatlie 
of the nerve occurs very frequently with neuritis, especially with that 
kind which is known as choked disk ; but hydrops of the sheath may 
exist as an independent disease, which consists of a collection of iloid 
between the two sheaths. This fluid may, after a shorter or longer 
time, usually the latter, produce a neuritis through irritation, Thie 
then shows itself at the disk like the ordinary neuritis, but is usually 
of the more marked forms of papillitis, such as choked disk, from 
tumoi of the brain. 

ITtBmorrhago intf» the intervaginal space produces at times the 
same cifect (see Vol. II,, jiage 97). Manz found hydrops of the shcAtli 
frequently in meningitis without tlie complication of nenritis, wliich 
shows tliat it requires time for the development of tlie papillitis, as it 
does also for descending neuritis and peri -neuritis. 

It will readily be understood that a retro-bulbar neuritis may exist 
in any part of the nerve behind the eye. Wlien this is the case, it i8 
beyond the reach of the mirror, and only gives evidence of its exist- 
ence by the effect upon tlie vision. 

It often happens, however, that some time after the deterioration 
of sight, signs of neuritis begin to make tlieir appearance at the 
disk, and the affection is changed then by continuity or descent from 
a retru-bulbar into an intra-ocular or ordinary neuritis, with at times 
a marked redness and striation, but with little swelling, tedema, of 
hiemorrhage. 

The neuritis usually occurs on one aide, or, if in l)oth eyes, the 
second is commonly affected after a lapse of time, which may be ex- 
pressed by an interval of weeks, months, or even years. Instead, 
however, of tlie signs of a neuritis which has advanced along tlie 
slicaths and substance of the nerve, the tirst ophlhalmoscopic appear- 
ances visible may be those of secondary atrophy, the result of tlie 
inflammation in the more posterioi portions of the nerve. 

Such l>eing a eliort description of some of the fonns of neuritis M 
they most commonly occur, it remains to give a glance at some of 
the conditions under which the appearances are produced. 

In the tirst place, it is essential to renicml)cr that neuritis may w- 
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ciir ae an idio^tatliic affection, and that as bucIi the widely different 
features it presents at different titnes, aro not distinctive forms of dif- 
ferent processes, but different phases of the same process, and tliat 
wliile very dissimilar in their aspects they are all of the same nature 
and resemble eat-Ii other very much as the mist resembles tfie rain, or, 
to carry out the metaphor, as the breeze does tlie storm. 

The milder forms of iieuritia are usually met witli as tlje resnlt of 
over-nse, exposure to glare, or are associated with any constitutional 
disorder, such as rheumatism, gont, syphilis, menstrual disorders, ty- 
phus or typhoid fever, and other febrile disturbance. When, how- 
ever, the neuritis or neuro-retinitis occurs in cases of fever, especially 
where there is delirium, there is reason to l.tclieve that there is menin- 
gitis combined with the fever. Von Graefe was inclined to consider 
some of tliese cases, that occurred after fever and other troubles, and 
in whicli the principal if not the sole oplithahrit>scopie sign was a 
marked narrowing of tlie arteries, as due not to emlwlisni of the cen- 
tral artery, but to a retro-bullwr neuritis, with compression or throm- 
bosis of the vessels. The fact, however, tJiat in such cases the ti-oulile 
is usually double-sided is against either enilKilism, retro-bulbar neu- 
ritis, or thrombosis, especially as a complete restoration of" vision often 
occnrs as suddenly as it was lost. Such cases are probably due, prin- 
cipally at least, to iBchsmia of the retinal vessels, as Itas already been 
described. The same form of blindness sometimes occurs after preg- 
nancy, pneumonia, and other serious diseases, and with the same ol>- 
Bcurity as to its cause. 

Occ^onally we also see these milder forms of neuritis, either as 
the accompaniment or sequelte of scarlet fever, measles, and other 
exanthemata, bnt often here we get the graver forms, such as choked 
disk with implication of the retiua, which is oftentimes, no doubt, de- 
pendent upon renal disturbance, even if no signs of it are present in 
the urine, or upon some cerebral conditions, especially meningitis,* 

Among the milder, if not among the mildest, forms of neuritis are 
certainly to be classed those which come from the abuse of alcohol 
and tobacco. Indeed, the symptoms are often of so trivial a chai-acter 
as to have led to the assumption that the amblyopia often exists 
without any visible ophtbahnoscopic signs. Still. I am more and 
more of the opinion that, to a careful observer, there are always, or 
nearly always, some perceptible even if indistinct changes apparent, 
ae has already l>een stated under the description of retro-bulbar neu- 
ritiB. In this category must also 1k> placed the effects of other toxic 

ol neurilia after meiislps, sec a pnpcr liy Wudsworth, 
I. p. \2r>. 
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agentfi, such as lead ; but it must be reiiieiiibered that these diseases 
may at tiuieB be the cause of the graver forme of neuritis or neuro- 
retiriitis. 

Ne^tritU from Hereditary atid Congenital Infiuencea. — This af- 
fection must surely be classed among the milder forms of neuritiB. 
Indeed, so little marked are the primary symptoms of congestion that 
oftentimes it is not until the secondary or atrophic stage has com- 
menced that attention is called to the trouble by failure of vision, aud 
the disease has consequently been s^wken of by some authors as pri- 
mary atrophy of the optic nerve," Keverthelese, I have seen oases, 
and one in particular, in the very first stages of the disease, where 
there were marked signs of congestion of the disk, with conspicuous 
striation of the papilla and surroimding retina. 

The case just alluded to was that of a young man of twenty years, 
aud who was one of a family in wliicb the trouble bad been known 
to exist for three generations and in which crossed heredity showed 
itself, the male members being attacked in one generation and the 
female in the next. According to Leber, the disease almost always 
is confined to males, wliich is no doubt true in general ; hut, );esides 
the above iustance where the female members of the family were 
affected, I saw, througli the kindness of Dr. R. H. Derby, a perfect 
specimen of t!ie diseajic in two sisters of middle life, in whom the 
trouble appeared almost at the same moment. In these cases there 
was the same central scotoma and the same mild form of neuritis 
which has been so often spoken of as occurring with retro-bulbar 
neuritis. 

It seems singular at first sight tliat the particular fibres which pre- 
side over central vision should be those that are attacked in all that 
large class of cases, which are supposed to be duo to retro-bulbar neu- 
ritis with partial atrophy. This may be dependent npon the fact that, 
as the fibres are the most sensitive in function, so they may be the 
most delicate in organization, and tlierefore most susceptible to mor- 
bific infiuences and the first to suffer, and tliis would appear to be all 
the more likely, as later on in ihe disease or in tlie more pronounced 
degrees a central loss of vision is not uncommonly accompanied by a 
concentric narrowing of the field. Even if this was not true, the pre- ' 
diiection of certain fibres to certain influences of a morbid nature is 
not so rare in nervous pathology as to excite surprise. It is also 
curious enough to deserve attention, that the presence of sugar in the 
urine, as, for example, in diabetes, should produce the same central 
■ " Hereditary Atrophy of Optic Nerve," W. T. Norris, " Trans. Aiiicr. 0)ibUi. 
Soc.," 1885, p. 6Ba. 
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scotoma and the same indefiiiite ophthalmoscopic signs as alcohol and 

tobacco, 6o that it will be seen that tliei-e is a large elaae of diseases of 

, Tery diverse natures that are followed by the same set of appearances 

r which are syinptoniatic, not of tlie diseases tliemselves, but of the 

I locahty affected. 

Nfvritis in Uterine Disorders. — This is nsnally of a mild form, 
■when not associated with renal trouble wbicli produces retinitis albu- 
minurica. The ophthalmoscopic appearances commonly show a mild 
injection of the optic nerve in the early stages, with sometimes a tiiioe 
of diffuse retinitis near the disk. These appearances are not at all in 
proportion to the disturbance in vision wliicb may at times show a 
central scotoma, as in retro-bulbar nenritis ; or the amblyopia may ex- 
tend over so much of the field aud 1)e of so pronounced a degree that 
only a small amount of eccentric vision remains. 

As in other forms of what is called retro-bnlbar neuritis, the first 
I Bymptoras presented to the physician may be tliose of atrophy. The 
f following is a typical case of this kind : 

A young woman of twenty-one had, some two years liefore exam- 
ination, sudden suppression of the menses. This was followed by a 
' rapid lose of sight in the left eye. She had been regularly treated for 
\ this in an ophthalmic hospital without improvement. A week before 
[ visiting me the same thing happened again, the right eye being at- 
\ tacked this time. Examination showed the vision in this eye to be 
reduced to one sixteenth of the normal quantity, V = ^ ; that in 
tlie left eye was reduced to counting fingers in the outer jmrt of the 
I field. The left eye, which had been attacked two years before, showed 
fully-developed atrophy. The right showed signs of a mild neuritis, 
. with increased capillary injection of the centre of tlie nerve. There 
was a central scotoma of a light degree, the rest of the field being 
intact 

Tinder vigorous and systematic leeching and other derivative 
easures, followed by large doses of iron, the menses were reinstated 
I in a sliort time, and vision gradually improved until it rose to the 
\ Uonnal (V=; 1). 

The patient then married. She had a good deal of trouble with 
her first confinement, and a few weeks after, wliile nursing her infant, 
I Tision again began to fail. 

The child was at once weaned, and everything done to bring on 

the menses. Wlien these appeared, vision l>egan to improve, and at 

' the end of nearly a year was again normal in that eye, the left re- 

\ maining permanently bliTid. The ophthalmoscope showed complete 

[ ttrophy in the left eye, with some blanching of the nerve of the right 
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eye. This WAe combiiicii witli iimrked signs of wliat is known as 
retinitis allHJBceiia. 

It is Imrd to imagine to what eiich cases are dae, if not to soniu 
fonu of uouritis which is owawinncd by n reduction in vital force, and 
which shows its effects in the peripheric parts of tlie nerve, juet iis 
it Boinetiines does in other nerves. I am inclined, therefore, to think 
tliat what is so often spoken of as urtbmic blindness without ophtlial- 
moBCopic appearances is only this form of neuritis, especially in preg- 
nant women, and in which the oi^nic change is so eliglit as to escape 
notice, but which, nevertheless, is sufHeient to interfere with tlie proper 
function of tlie nerve or to annul it entirely. 

These cases of uterine amblyopia are so important, and practice is 
so mnch better than precept, that I am induced to cite another case, 
esijcciall/ as I believe that the priceless boon of sight might Iw pre- 
servefl to many women by vigorous measures, who have been and will 
be doomed to blindness. 

E B , thirty-five years old, consulted me for failing sight. 

She !iad been married eight years and had had three confinements. 
Her attention liad been attracted to her eyes about two weeks before 
her first confinement, when she noticed an imperfection of saglit npon 
the " left side of her left eye," which seemed like a dark band upon 
a light gronnd. After her confinement tlie bright ground disap- 
peared, but not, however, until her menses recommenced. The dark 
hand, however, remained, and no object could be seen when carried 
beyond a certain distance to the left. 

Just Itefore her second confinement the same thing occurred, and 
the dark band increased in breadtli so nmcli that central vision in 
this eye was impaired to such a degree that it was of little use to her. 
Up to this time the right eye luid remained intact. Just before her 
third confinement, however, precisely the same thing occurred in her 
right eye. She came to consult me tliree months after her confine- 
ment, while her vision, as in tlie other cases, began to fail two weeks 
prior to it. At the time of the examination the vision in her right 
eye, the only one remaining, was so reduced that she could barely 
count fingers at a few feet, Tlie optic nerve gave the picture of 
white atrophy of that peculiar kind in which the capillary circulation' 
seems to have suffered the most. In neither eye were there any cap- 
illaries to be seen upon the disk, while the larger vessels seemed to 
have preserved their normal relation as to size and conrse, No trace 
uf any kidney trouble was found, the urine was free from albumen, 
and the general health was perfect. 

There was, notwitlistunding all medication, no cbimge in the vision 
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ontil at the eiiil of a month, wlien the courses rttunied, and from that 
moment a gradual improvenieiit took place, until vision roae to one 
tliird of tlie normal quantity V=-i. Tlie patient n'aa dismiBSud, 
with an empliatic warning not to become again pregnant. 

Eight niontlis later, however, this took place, and as there was an 
ahnost absolute certainty of blindness ensuing if gestation was allowed 
to pursue ita course, ]uf mature delivery was produced. Tliis was the 
first time, so far as I am aware, that premature delivery was ever per- 
formed for the Bole object of preserving the sight, M'lncli happily in 
this ease, as it lias been in so many subsequent ones, was 6tic<.'csBfully 
accompli si jed, as two years subsefjuent to this the vision had not dete- 
riorated but improved.* 

Simple neuritis may occur at the climacteric period ; but at this 
time the disturbance usually shows itself as neuro-retinitis or neuritis- 
Ltemorrhagica, which is sometimes accompanied with marked cerebral 
disturljances and much swelling of tlie disk. It should also be borne 
in mind that what takes place with irregularities of the nienstnial 
flow may also occur in the disturbances of other secretions, such as 
suppression of the urine or sudden checking, either spontaneous or 
induced, of long standing and chronic discliarges. 

Rheumati'' Neuritis. — This is usually a light papillo-retinitie, with 
I pain upon pressing the eyeball back into its socket, which is probably 
I caused by a Hght periosititis. It is not usually accompanied by any 
paresis of the ocular muscles, as none of the nerves pass through lite 
optic foramen. In these cases and many others like them, where the 
arteries are very much reduced in size, the diagnosis lies between 
retro-bnlbar neuritis with compression of the arteries, and simple 
iechfemia of the retina. 

SyphUitiG Neuritis. — Inflammation of the optic nerve oc<^ur8 
very frequently with s^-philitic affections, and may assume any form, 
from the mildest to the most grave. 

In the milder forms it usually appears associated ^vith or passes 
I into a low degree of diffuse neuro-retinitis. It is apt to affect the 
I sheaths of the nerve and cause peri-neuritis, combined with intraocular 
I neuritis. This produces oftentimes a marked picture of papillitis 
( (choked disk), witli cireum-papillary retinitis, due to hypertrophy of 
the outer layers of the retina in the neighborhood of the disk. In 
' this case tlie ophthalmoscopic api»earances are very similar to those 
due to tumor of the brain ; and, indeed, it may well be that with the 
ocular affections there are als-j gununata of the brain, which arc in 
• ■' Premature Delivery for thu PrcveiHiou of Bli mints."," ■' Tmns, Amor. Ofjbth. 
," 1882. p. 423. 
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{tict tuniorB and produce the same effect. Still, if tliere are no eenBorj 
disturbances and no paresis of the ocular or bodily muscles, the 
chances are that the neuritis is not due to a cerebral cause. 

N^ewritis from CerAral Dimrders. — Caries of the bones of the 
skull may be accompanied by neuritis, which then usually takes the 
form of choked disk like tliat due to tumor of the brain. Dr. Rush- 
more reported a case to the New York Ophthalmological Society 
wliere choked disk liad existed for ten years from caries of the parie- 
tal bone. 

Fractures at the base may produce either papillitis or white atro- 
phy, as may blows and contusions. Thus, many years ago, I saw a 
case where a man had received a blow from a hammer ujjon the fore- 
head and just above the right eye. There was extensive rupture of 
the choroid on this side. At the time of the first examination the 
left eye appeared intact and vision was normal. Two weeks later , 
neuro-retinitis began to develop itself in the left eye. whicli passed ' 
into a violent form of choked disk, which, curiously enough, did not 
involve the right, in which the effect of the violence manifested itself ■ 
in the form of rupture of tlie choroid. Tliis would go to show that 
the inflammation or irritation produced by the blow was in some way, 
either through the bones or throngh inflammation of the meninges, 
extended to the other eye. There were, however, no cerebral b^^th]!- 
tonis whatever, or, indeed, any general disturbance. Unfortunately, 
the case was lost sight of after a short time.* 

NeuAli% from Meningitis. — This is not as frequent as is com- I 
monly supposed, and when present is usually of a milder form than 
that due to tiunor of the brain ; and, indeed, the inflammation may 
show itself as a mild form of neuro-retinitis, or be limited to hypers- i 
uiia or even simple irritation of the retina and nerve, Wlien this is 
confined to the disk, tlie injection seems to lie on a deeper plane than 
the retina, wliile the connective-tissue ring is not only not obscured, 
but even made more conspicuous in contrast with the more central 
congestion. 

Neuritis from meningitis ia usually accompanied with marked ' 
cerebral disturbance, pain, and deterioration of vision, and by dilatib- J 
tion of the pupil. In acute meningitis, neuro-retinitis is more apt to j 
occur than choked disk. In the chronic form a descending nenritia j 
ia apt to he produced whicli at times shows iteelf as simple neuritis, \ 
with marked striation of the nerve and more or less lifemorrhage near J 
the disk. ^Hien, however, peri-neuritis near the globe has occurred, 

* Sec also "Optic Neuritis in Head-In juries," Edniunds and Lawtoii, "Tntnb I 
Ophlh. Soc of Ibe United KiDgdom," voL vil.. p. 206. 
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with liydrojw of tlie eheatli, choked disk is more common. Indeed, 
this latter may be present even in the chronic forme from the begin- 
ning, but tlie tendency is the otherway. 

With acute tubercular meningitis neuritis is more common than 
with the other forms, and liere it usually aesumee tlie form of 
choked disk. Sometimes neuritis niay occur in epidemic cerebro- 
spinal meningitis, which is a deviation from the usual occurrence of 
purulent choroiditis with pan-ophthalmitis. 

In some instances eliildren may liavo either single or double 
neuro-retinitis without any general trouble that can I)e detected. 
According to Leber, the presence of tlie nenritis would lead to the 
supposition that tliere was a latent meningitis. It haa occurred to me 
at times that, as these cases are often associated witli what apjiears to 
be a perfect state of health, the neuritis might at times be due to 
some hereditary taint, perhaps syphilitic, especially ^s such cases ai-e 
improved by anti -syphilitic remedies. I have, moreover, seen this 
form of neuro-retinitis in young girls about the conmiencement of the 
meii^trual period, and I have been iuchued to look upon the trouble 
as one analogous to the retinal hfemorrbage which is apt to occur in 
boys about the age of puberty. 

In grown people there may be also elironic neuritis due to cir- 
cumserilied basilar meningitis, as sliowii at the autopsy, llere, how- 
ever, there are usually pain, fever, and sleeplessness. The mirror 
reveals then commonly a mild form of neuro-retinitis which passes 
later into atrophy ; or this latter may be the first ophthalmoscopic 
sign, as the neuritis may have affected only the intra-cranial parts 
of the nerve, and only show itself later in tlie eye as a secondary 
atrophy. 

Neuritis from IlydroixpJiafus. — According to Von Graefe. in 
ordinary hydrocephalus where there is distention of tlie cranium, 
from yielding of the bones to pressure, the ophthalmoscopic signs are 
not those of neuritis, but of atropiiy of the nerve. Allhutt suggests, 
however, tiiat perhaps Von Graefe was not in the way of seeing these 
cases in their early stages, or until the neuritis had passed off and 
atrophy set in with loss of nsion. Allhutt also mentioned having not 
infrequently met ueuritis of the choked-disk variety in young hydro- 
cephalic children. In several cases of enormons distention which I 
have examined myself, where there was no complaint as to sight, the 
eyes have tieen nonnal. In internal hydrocephalus, where the ven- 
tricles are distended, we sometimes see choked disk, and sometimes 
merely white atrophy, from pressure upon the chiasm, with a widely 
dilated pnpil and great loss of vision. The edges of the optic nerve 
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in these cases are not like those of atrophy from a ]>recediiig choked 
diek, but like those of primary atrophy, bt^itig t-leaa cut and well 
dotiiied, and do not show tliat frayed appearance of the choroid near 
the borders of tlie papilla, nor are the vessels, as a rule, accompanied 
l>y wliite linea or other signs uf intiammation. 

Neuritis from, Tumor of th^ Brain. — The neuritis which resnlta 
from timiora is ahnost universally of the graver tyiws, and usually 
in the form of choked disk. The growth may be of any character, 
and may occupy any position within the eraiuum, from the anterior 
portion of the skull to the medulla oblongata, and may be of any size, 
from a hazel nut to an orange. 

The ophthalmoscopic appearance which this form of neuritis offers, 
and the differential marks between it and otlier varieties, so far as they 
exist, have already l>een dwelt upon in the description of choked disk. 
Still, a gentle reminder to the student not to put too much reliance 
upon these distinctive points may not be out of place. Choked disk 
is choked disk, and may come from a multitude of causes. 

Abscess of the Brain. — Tliis does not often produce neuritie, still 
it may do so occasionally. Thus. I have seen a light form tif neuritis 
with obscumtion of the edges of the nerve, and slight intiltration of 
the retina, from an abscess in the posterior lobe of the brain, and 
cases of choked disk have been mentioned as occurring from this 
cause. 

Softening of the Brain. — This rarely leads to neuritis, although 
this occasionally oceura. In a recent case seen by me at St. Luke's 
Hospital, where the autopsy showed extensive softening, there was 
for a considerable time during life a marked neuro-reliiiitis wifli 
choked disk. There was, however, a trace of albumen in the urine, 
and the f>cular symptoniB may have l)een due to this. In these mixed 
cases of cerebral and kidney trouble, which occur oftencr, I think, 
than is commonly supposed, it would at times l>e itnpo&sihle to say 
whether the ocular symptoms were due to the cerebral or renal af- 
fection. 

Thrmnlxms of the Sinuses. — Dr. Knapp pointed out, many years 
ago, that this may l>e accompanied with choked disk, wliieh may, 
however, be the result of the accomjwnying meningitis. Among the 
more distinctive marks of the trouble are chemosis of the conjunctiva 
and protrusion of the eyeball. 

JVeuritis from. SjnnaJ. Disea^. — Neuritis from spinal tronbles is 
vhnost invariably of the milder forma — so mild, indeed, that many 
observers think that the only manifestations disclosed by the mirror 
in locomotor-ataxy are tliose of primary atrophy. I am of the opin- 
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r ion, however, that very often, if not as a rule, there is a eongestive 
fB, no matter how light, which signifies an inflammatory proeess, 
I and which precedes the atrophic stage. Thus, I have frequently 
I Been a perceptible congestion of the optic disk which was followed 
I later by atrophy, or a palpable injection of one difik, while the other 
[ showed the signs of an already beginning atropliy. 

This congestion is of that peculiar form where the centre, or the 

central zone of the disk becomes injected. The increased reflnesa 

then seems to lie in a deeper-seated plane, wliile the connective-tissue 

ring is not concealed, as a rule, but is sometimes even more conspi^u- 

I ons tlian normal. AJlbutt lias also mentioned this initial stage of 

I congestion, while otliers have been ineUned to doubt that it ever oc- 

I cnrs. Tlie same mild form of congestion of the disk occurs not in- 

I frequently, if not as a nile, in general paresis. 

N^euritis from Orbital /'ja^Wi?.— Phlegm ons of the orbit, sucli as 
I cellulitia, periostitis, growths, exudations, and bfeuiorrbages, may lead, 
I- through propagation of continuity, from a retro-bulliar to an intra-ocu- 
rlar neuritis, which may vary in form from a marked narrowing of the 
\. central vessels with occasional pulsation of the vessels, but with little or 
I no swelling of the tissue, to a fulminating neuritis which is expressed 
f by choked disk with thrombosis of the central vessel or stasis hyper- 
I lemia. This occurs, as pointed out by Graefe many years ago, espe- 
[ eially in erysipelas of the face. (See also " Perivasculitis," Vol. II., 

Neuritis due to tumor in the orbit is usually differentiated from 
I that due to an inter-cranial growth by the fact that, besides Ijeing 
I confined to one side, there is usually some exophthalmus, with }>er- 
I haps some limitation of the motion of the eye, which differs from 
ttat due to paresis of the mus(Tle8. Double vision may, of course, be 
r present in either case. The diagnosis of an orbital affection is also 
I corroborated somewhat when tliere is total loss of sight on one side 
I Mid no reduction in the amount or change in the field in the other eye. 

It is not within the scope of an elementary text-book upon oph- 
I thalmoscopy, which should deal principally, if not exclusively, with 
I the manifestations of disease, to dilate iimch upon tlie causes which 
kluve led to them. The above sketch, like the proverbial straw, is 
F given, therefore, solely with the view of helping the student, so far 
rae it may, to form a possible if not a probable diagnosis. I would, 
■ tiierefore, refer the reader for information as to the medical side of 
1 tiie question to the admirable works of AUbutt and Gowcrs. and the 
F'ftimost countless monographs and ijajK-rs which have from time to 
rae appeared in the leading ophthalmoscopic journals. 
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CHAPTER VI. 
ATHOPUr OF THE OPTIC HERVB. 

Atkophv oi the optic iierve may occur in anj' of its parts from 
the iiitraociilHr end to its centres. It may extend from any given 
poiut periphericaJly toward the eye or centripetally toward tlie origin 
of the nerve. Atrophy of the optic nerve may come from many 
causes, but tlie ultimate result is the wasting away of the nervous 
elementfl. 

Atrophy, as seen with the mirror at the disk, is recognized under 
various forms, the t^rnis of which are aomewliat puzzling, and apt to 
be used in a confusing manner. 

Primary or simple atrophy, or simple primary atrophy, or, 
agaiu, simple progressive atrophy, are terms used by most writers to 
express that fonn of atrophy in which the initial or primary wasting 
away of the nerve-substance lias not been preceded by any visible 
signs of inflammatory action ; or where, if slich signs do exist, they 
arc Bo trifling in proportion to the loss of vision as to be hardly recog- 
nizable, and still within what most observers would call physiolopeal 
limits. Yet it must be bomo in mind that the first symptom of 
atrophy is failing vision, which, from the fact that it usually attacks 
the periphery of the field, may have existed for a long time, and 
may therefore have been preceded by some inflaunnatory or con- 
gestive stage, which had come and passed long before. I am con- 
vinced in my own mind tliat the great majority of cases of so-called 
primary atrophy, if seen early enough, and examined with sufficient 
care, would show evidences of irritation and congestion of the nerve, 
even in those cases of spinal disease where it is soraetimea asserted 
that no trace of mflammation is ever visible. 

This condition of preliminary congestion haa lieen admitted to 
occur in very exceptional cases, even by those who deny its existenue 
as a rule, or even as an infrequent occurrence ; and they have ap- 
plied to it the rather inconsistent and contradictory term of congest- 
ive atrophy. 

St^fon/lafy Atrophy. — If primary atrophy means a wasting away 
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■wliicli has not \teea preceded hy mflnumiatury symptoms visible at 
the disk, it would certainly seem as if secondary atrophy ouglit to be 
tliat wliieh had followed or was secondary to eiicU inflammation. 
Secondary atrophy of the optic nerve, however, means an atrophy 
wliicli is secondary to some lesion, be this what it may — nut at the 
disk, bnt at some other part of tlie nerve or tracts — and whicli oidy 
shows itself after a shorter or a longer period at the nerve entrance 
as a secondary result. 

Consecutive Atropkij. — Tliis is tlie wasting away of the nervous 
elements, which follows the retrogressive stage of inflammation. 
Wlien dne to an inflammation wliich haa affected the intraocular 
tissues, consecutive atrophy is subdivided into papiilitie atrophy, or 
atrophy from retinitis or choroiditis, according as it is tli& resnit of 
inflammation in one or the other of these tissues. 

Neuritio Atrophy. — (ine would suppose that tliis terra would be 
applicable to tliat wliich followed neuritis, and especially to those 
forma seen with the ophthalmoscope. Leber, however, uses the term 
neuritic atrophy to express the results of an inflanmiation of tlie 
nerve-stem behind the eye, and of which there are either no or very 
slight signs of inflainniation ever seen at the disk, or which, if they 
liad ever existed, have entirely diBap]:)eared, leaving no traces behind. 
Tliis is necessitated by the fact tliat he uses the term ]>apillitis for all 
inflammations of the head of the nerve. 

Opktkalmmeopic A2>pearance8. — The two principal symptoms of 
optic-nerve atrophy as seen with the mirror are an increasing or in- 
creased whiteness of the disk and a reduction in the amount of tlie 
c ire Illation. This latter, although leas conspicuous than the former, is 
certainly earlier in its manifestations, and is indeed the princijial cause 
of tiie latter — -that ia to say, the increasing whiteness of the disk is 
due rather to the absence of the rosy tint of the circulation than to 
any change in the condition of the nerve-fibres themselves, although, 
as will be seen immediately, there is a change in their physical or 
diemical condition which also contributes to the effect. 

The first notable change which takes place is a reduction in the 
capillary circulation in the outer parts of the disk, probably simply 
because the vessels are less numerous here than in the nasal portion. 
As the result of this decrease in tint, the smalt vessels which leave the 
disk at the temporal side become more marked than in the normal 
condition through contrast with the whiter ground, which may, even 
at this early stage, begin to assume a slightly bluish tint. 

Such a condition as tliis is often seen in some of those cases which 
have been spoken of as retro-bulhar neuritis, and which end in partial 
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atropliy. Indeed, not infrequently, I liave seen a condition wlucb 
would appear to be a iiiixtui'e of (tongeetion and atrophy at the saj 
time — the temporal side sliowiug the sjniiptoms of atrophy, confinned 
by a defect iti the field, while the na^al nide preeeoted unniietakable 
Bigns of cougeetion. Not only have I eeeu eucb appearances in the 
atrophy which followed retro-bulbar nenritis, but also, not infre- 
quently, in caees that would l>e pronounced as clirotiic glaucoma, but 
which I l)elieve to l)e of a species of neuritis — tliat Jti to say, the result j 
of a low stage of neuritis followed by excavation. 

Little by little tlie rosy tint vanishes also from the nasal side, the 
concentric markings are lost, so tliat even the connective-tissue ring is 
hidden from ^-iew, or is only detected by very careful observation. 
SonietimBs, however, when tlie central jwirts of tlie nerve are not as 
palhd as usnal, the connective-tissue ring may appear, from contrast 
with a duller centre of the nerve, as whiter and more conspicuous than 
usual. The pallor then extends over the entire surface of the disk. 
The smaller vessels running toward the macula then disappear, al- 
though very often tliey persist for a considerable time. While tliis 
is going on, the larger vessels eeeui to partiei|>ate but very little in the 
wasting away. 

The arteries may have become a little narrowed and the veins even 
less BO, Indeed, I have seen cases where the process seemed to be 
arrested with the total disappearance of the capillary cimilalion, and 
where for years there was no reduction in the size of the larger ves- 
sels, either arteries or veins. 

These cases are usually those in which the offending cause is a 
teiniwrary one, and which occur from some toxic condition, especially 
in those that have been attriiiut*;d to urieiiiic poisoning, those from 
menstnial retention and uterine disorders, and particularly those inci- 
dent to childbirth. The same thing may happen in spinal troablee, 
bat to a lesser degree. 

As a rule, it would seem that the more primary the atrophy was, 
and the greater the distance of the original lesion from the eye, the 
more apt the larger vessels were to maintain their calibre, and for a 
longer jjeriod. Just the reverse, however, may occur even in primary 
atrophy, and I have occasionally seen tlie larger vessels l)ecnme smaller > 
and smaller, while almoRt tlie natural tint of the disk was maintained. 

Ttiis is apt to take place in that form of atrophy where abuae of 
tlie eyes on fine work, and poor illumination, seem to be the only 
causes of the wasting away. 

Later in tlie trouble, as a rnlc. the larger vessels are considerably i 
reduced in size, especially the arteries, until, in some cases, they as- 
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eaiiie thread-like proportions ; they are, however, never bo reduced in 
Bize tliat they can not be much further traced into the retina, in tlie 
primary forms of atrophy, than where the atrophy is the result of in- 
tluiiiination of any degree, such as in papUlitia or consecutive atrophy 
of tliL' retiiia. In this case tlie vessels are not only smaller hut are 
mucli less distinctly seen, partly Iwcause, owing to secondary contrac- 
tion, tliey are really reduced to their ultimate limits of fineness, and 
partly because the ueighboring tissne is less transparent, and thus 
partially conceals or dulls their outlitie. 

In some cases of primary atropliy the tight^atreak, although less- 
ened in proportion to the decrease in the vessel, is plainly seen, show- 
ing that tlie wail of tlie vessel is not implicated, while in other cases 
it disappears entirely, even when tlie process is comparatively recent 
and the vessels are still comparatively large. This would show tliat 
the walls of the vessels were also involved. Indeed, I liave seen cases 
where I have been led to believe that the atrophic process was prin- 
cipally due to a low stage of vasculitis, or perhaps sclerosis of the 
wall, with gradual extinction of the smaller vessels, and consecjuent 
loss of nourishment to the tissue. This loss, or reduction of the 
light-streak, happens not infrequently in cases of amblyopia pnta- 
tomn^, and other amblyopic conditions of toxic origin ; and some- 
times also in cerebral affections. The effect is as if tliere had been a 
mild form of interstitial or medullary neuritis which had crept down 
the nerve and extended itself along the vessels, giving to their walls 
at times a greater visibility, or producing even fine white lines along 
their Imrdera. 

Tlie wliiteness of the nerve, as above related, already reduced to a 
predominating degree by tlie loss of the rosy tint caused by tlie al>- 
sence of the vascular supply, is, it is said, increased also by some 
chemical or physical change in its fibres which increases their power 
of refraction. But, in admitting this, it should be borne in mind that 
tlie increased whiteness thus produced must \>e occasioned by tlie non- 
mednllated portion of the fibres at or near the lamina crihrosa, where 
the fibres lose their medullary sheath ; for, as long as those fibres 
which form the disk retain their transparency it would make no dif- 
ference upon the picture presented by the mirror how [nnch their 
index of refraction and power of reflection were increased. That 
their transimrency is not affected is shown by the fact that, as a rule, 
not only is the reticulated structure of the lamina not obscured in pri- 
mary atrophy tiut it is even more apparent than in the normal eye. 
The marbleizcd and talc-like appearance of the disk does not, there- 
fore, come from the head of the nerve, but from the tissues l>ehind it. 
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Tlie wliitenesa of the atrophic nerve ib ali«> lucreaeed by contrast 
with the choroid and the clean-cut edge which it pre&enta against thia 
ground, as in -primary atrophy; in contradiett action to some forms 
to be mentioned later, where the edges of tlie choroidal opening are 
frayiid and absorbed either through inflammation or by pressure, as 
in glaucoma. On this account, too, tlie size of the iien-e does not 
appear to be changed. Neverttieleae, even under these conditions, it 
does occasionally appear to be reduced in size even in simple primary 
atrophy. On the contrary, in some eyes where there is a small cres- 
centic cone at the outer edge, the surface of the nerve, to a cursory 
glance, seems to be enlarged. Close inspection, however, can always 
detect the fine line which marks the boundary of the real papilla and 
separates it from the sclerotic ring. 

Again, the whiteness of the nerve is increased at times by in- 
creased cell development, or by the presence of connective tissue — 
that is to say, the place of the wasted and atrophied tibres is sup- 
planted by connective tissue, which to a careful observer betrays its 
nature by its texture, by its softer tone, and more yellowish color ; hy 
the fact, too, that it nsually covers more or less completely the vessels, 
at their point of juncture at the porus opticus, with feathery or veil- 
like expansions. 

The condition of affairs would seem to justify, as suggested by 
Charcot and Abadie, a subdivision of primary atrophy into two 
classes — that which was dependent upon actual atrophy of the fibres 
themselves, and tliat which was occasioned by a hj-perplasia of the 
interstitial tissue, hy which the fibres were gradually supplanted. 
Such a division would appear to be in accordance also with clinical 
experience, for one not infrequently sees cases where the nerve has a 
marked degree of whiteness, and yet where the vision is disproportion- 
ately good — indeed, nearly nonnal. In these latter cases, of course, 
the fibres, or at least the larger part of them, have as yet, maintained 
tlieir integrity, which no doubt will be eventually impaired by further 
contraction of the surrounding tissue. 

It might be mentioned in this connection that I have occasionally 
seen disks which presented so high a degree of whiteness that it 
would at once have l)een pronounced pathological, but where no com- 
plaint had l>een raised as to any trouble of the eye, and where vision 
was, indeed, fairly good. I liave looked upon these cases as the result 
of some low form of interstitial neuritis occurring very early in life, 
or perhaps congenitally. as in fact analogous to that fonu of retinitia 
which has been described as retinitis proliferans^n other worda, a 
mild form of neuritis, in wiiich the hyperplasia of the connective 
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r tissue liad only been BufBcient to damage but not to destroy tlie 
i nerve-fibree, and which bad found its expression in an increased 
\ whitenesa of the disk, • 

Gray DUcohtration, or Gray Atrophy. — Tliis occurs not infre- 
I quently as the result of atrophy. Uere the disk, instead of being of 
a uniform and rather bnlliant wliite, has a distinctly grayish tinge, 
which is usually most marked near the outer or temporal side of the 
, disk, especially in the beginiiiug of the trouble. It is often sickle- 
I shaped, with a apace between its outer border and the edges of the 
I nerve. Wlien this occurs it has precisely the appearance as if the 
nerve had been shaded by art to produce the effect of an excavation, 
I which is then sometimes so strongly and accurately tigured as to lead 
even a practiced observer to beheve that there is really an excavation 
where none exists. A second sickle-shaped formation may also be 
present at the inner side, or the color may extend in a zone round 
the nerve at a little distance from its edge. Sometimes, again, the 
color assumes a sector-like character, with fine white radiating lines 
between the fan-like divisions. On the other hand, the color, espe- 
cially in the older cases, may extend unifonnly over the entire disk. 
In these cases the connective tissue may assume a conspicuous a])pear- 
ance, and seems to surround the head of the nerve a* the tire does 
the wheel. Or, still again, the surface of the nerve may have a 
'. mottled, gray appearance, and when there is an excavation combined 
I with it tlie darker sjiaces, seen at the lamina cribrosa in normal eyes 
' are rendered still darker (see Jaeger, "Hand Atlas," Figs. 48-51). 
' To what the gray color is due is not knowni. Under the microscope 
the nerve-tissue has a translucent, with perhaps a s'ight grayish tinge 
to it. 

It is claimed that slight variations in color, especially the begin- 
I ning whiteness of the nerve, is better seen with the Uelmholtz mirror 
I than with the fcitvered one, as the light is more subdued. So far as 
[the ghghter variations of the greenish and bluish colors are con- 
[ cerned, the weak light mirror is certainly of advantage; but it has 
I never struck the wTiter that, for the detection of the tirst traces of 
I increasing whiteness of the disk it offers any advantage over the or- 
^4inary concave mirror. Indeed, I have often thought that it was 
\ tiirongh the very excess of light that I have been able to detect the 
■ earlier stages of atrophy; that, in other words, the increased illumi- 
Lnation brought out tlie beginning whiteness more than it quenched 
K'tbe rosy tinge of the now atrophic parts, so thatthere was a greater 
(«ontnist l>etween the two. I have therefore often used advantageous- 
<f tjie inverted image for this purpose. 
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Bluish D^iiieoloratlon <if tha DUk. — Beoideii the general white oi 
gray color wliieli extenfis over the surface uf tlie papilla, tliere is c 
peripheric cliange in color which is usually of a pale-bluist, or 6kiiii> 
milk color, but which at times may be increased to a lifjht but pure 
bine.* ThiB jjeripheric and bluish discoloration occurs most frequent- 
ly at the outer border of the nervu, Init may extend r6nnd its entire 
circumference. It is sharply limited from the connective-tissue ring | 
and extends gradually, becoming paler as it proceciis, towani the oeiv- 
tre of tlie nerve, which then may t>e of a dull-grayish color. It is 
commonly met with in spinal and cerebral troubles, and after chronie 
Inflammatury conditions of the nerve ami retina. 

Green Dis>x>loratwn.~TUe^ in their lighter shatlee are not in- 
frequently seen at tlie periphery of large ami deep pathological exca- 
vations of the optic nerve. It is occasionally so well marked as to 
have a very perceptible green color, and in- extremely rare ca^es a 
bright emerald hue, such as Jaeger has pictured in his Atlas, and 
which for a long time I believed to be marked exaggerations. I 
have, however, seen one case wliich fell but little, if at all, short of 
the tint depicte<l by Jaeger (see frontispiece. Vol. II). 

None of these discol orations would appear to be due to any color- 
ing matter in the tissue. It would certainly, from tlie autopsies hith- 
erto obtained, appear that the gray color was not due to any collection 
of jtigment. They are all jtrobably due to varied reflections of light, 
and niinnte differences in level with interference of the rays. 

Discoloration of the circumference of the nerve, and the neigh- 
boring pigment layer of the retina, may take place in old jieople, pro- 
ducing a white concentric figure, and has then a strong resemblance 
to posterior staphyloma. Wlien simply the result of a slow wasting 
away of the tissue, it does not result in any loss of vision, but at most 
only increases the size of the blind spot. I have, however, seen two 
cases in which the appearances were pret^isely like those detailed 
above, with the exception that the ap|)arently largo staphyloma ex- 
tended round the entire nerve, and was of a yellower color than the 
ordinary cone. The trouble came on rather suddenly in each case, 
and vision, bad in both, in one ease was affected almost to complete 
blindness ; the refraction aa measured by the ophthalmoscope was 
emmetropic. 

It will be well to remind the reader in this connection that pecul- 
iar forms uf injection may occur as congenital anomalies which give 
a sjiotted character to the nerve, or that there may he siiiall places in 
the surface of the disk which differ in hue and brilliancy from the 
• JocKcr's " HhiicI AtUs." Fig?. 4."). 4G. 



ATROPHY OF THE OPTIC NERVE. 



■vest of the papilla. Thug, I Imve seen a caee in which the temporal 
a of tlie nerve seemed to be made up of small circles of about the 
tflize of the Binallegt seed-pearls. It is iniportaut not to confound 
1 these and other sneb variations of a congenital and physiological 
^diaracter with the discoloration which arises from disease. 

Atrophic Ej-'Cavaiion. of the Nerve. — This is cliaracterized by a 
I Blight depression of the surface of the disk, which is eepecially marked 
ward the temporal side, and tliat extends, as does a glaucomatous 
cavation, up to the edges of the nerve. As a rule, however, it is 
I easily distinguished from this by its sliallownesa, and from the fact 
1 fliat the vessels are but very little, if at all, displaced from tlieir 
I course, and show no curing over the edges of a crater-like oi>ening, 
I ae they do in glaucoma. 

Sometimes, however, an atrophic excavation may be grafted upon 
an abnormally large physiological excavation, and here it is very difli- 
eult, if not impossible, to say whetlier in a given case the excavation 
is atrophic or glaucomatous, or a mixture of both. Still, even here 
the behavior of the vessels, the absence of the effects of increased 
intraocular pressui'e upon their course and conformation, enaljles ns 
, to discriminate between the two ; as does also the fact that we can 
I nsually see that the floor of the original physiological excavation is on 
a different and more posterior plane. 

I might say here that I am convinced that an atrophic excavation 

■is not nearly as frequently met with ophthalmoscopically as it is mi- 

Icroscopically ; for, although a depression does occur in the wasting 

l«way of the tissue, this is comparatively light in itself exce|)t in excep- 

T tional cases, and is in great part counterbalanced by the fact that the 

jaerve-tibre layer and ganglionic layer are also atrophied and reduced 

I tliickness, which reduces the general level of the retina. More- 

Kover, we see tlie head of the nerve directly "on," and not in section 

s with tlie microscope, and we have no means of judging with the 

mirror such slight depressions as wonld be apparent to the microscoiw. 

Again, I have not infrequently convinced myself that what I, as 

rell ae others, had at first sight taken for an excavation was indeed no 

Bttxcavation, hut, for reasons just narrated under gray discoloration, a 

■pure optical delusion due to the coloration of the disk and the effects 

^of iiglit and sliade, which are precisely tliose which an artist would 

employ if he wished to produce the appearance of an excavated nerve 

upon a flat surface like paper, 

Tliis ha|ipen9 especially in those cases where there is a bluish or 
Lgrayish discoloration, which then appears to be graduated in tone so 
■as to produce the sensation of a concavity. I mention this because 
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tbc detectioa uf tlie true condition liae prevented more tlian once tlie 
performance of double iridectomy for clironie glsucoma. An atro- 
phic excavation, aa liaa already been stated, lias a greater tendency to 
fihow color tliati does a non-excavated but atrophic disk, and tliii> ie 
jHirticnlarly marked in tlie mixed atrophic and glaucomatons excava- 
tions. 

Such being some of the principal features of primary atrophy, we 
pass now to a consideration o£ the changes produced by secondary 
influences. 

Secondary Atrophy. — This is tlie form of atrophy which, as has 
already been explained, results from some lesion, the original seat of 
which is posterior to tlie bulb, while its manifestations are shown at 
the disk in a secondary manner in the shape of atrophy of the nerve. 
When this is due to direct pressure upon some portion of the extra- 
ocular part of tlie o]Jtic nerve from some growth, the atrophy which 
follows and becomes visible at the disk bears so striking a resemblance 
to primary atrophy that it is frequently difficult, sometimes inipo^ 
sible, to tell the difference between the two. All tlic more so when 
the atrophy has been a long time in reaching the di;-k, and has pur- 
sued a slow and chronic course aftiir having reached there. One, and 
perhaps the moat distinctive, mark, and one which often continues for 
a long time, is the fact that the capillary circulation seems to be prin- 
cipally affected, while the larger vessels appear to have undergone 
little or no change, either as to calibre or course. This is especially 
true of the veins. At a later period the larger vessels begin to 
diminish in size, the arteries first and then the veins. 

Secondary atrophy wlucli is not the result of direct pressure, but 
which is due to inflammation of the nerve-stem or its sheaths, is like 
that due to atrophy which follows interstitial neuritis where there is 
hypertrophy of the connective tissue. Here the disk is less white and 
brilliant in hue and has a more cottony look, and has occasionally a 
grayish or dirty appearance. The larger vessels usually begin to grow 
nai'rower even before tlie capillary circulation has disappeared, and, 
as the process continues, they rapidly diminish in size until they at 
times become thread-like. The vessels also are bordered with fine 
white lines and show jtarticles of feathery tissue at the \x>n\s opticas, 
and the light-streak upon the vessels is either very much diminished 
or lost. Indeed, in some cases one is in doubt whether he is in ^e 
presence of a subsiding interstitial neuritis or a beginning atrophy. 
The state of tlie vision and field may coincide with that of atrophy, 
and yet the disk, while it shows pallor and discoloration in the outs- 
parts, may present some signs of congestion in the nasal jwrtions. 
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IXater on, however, when tlie atrophy has become more marked, the 

I diBtinction is made at once. 

It is hard to account for the reduction of the vessels in these 
ses. The supposition that it is due to contraction of tlie tissue from 

I retrobulbar neuritis would not api)ear to be sufficient, as oftentimes 

I the focus of inflammation is situated too far back to liave any effect 
1 coiiatricting the vessels in the scleral o])ening, or as tliey enter or 

' leave the iierVe. especially as it has been shown conclusively that very 
little if any constriction takes place at the scleral opening, even in 
the more violent forms of choked disk and iwrineuritis. The narrow- 
ing of the vessels ie prolmbly due to some morljid condition of the 
waUs of the vessels themselves by wliich their tmnsparency ia dimin- 
ished and their calibre decreased. 

Secondary atrophy visible at the disk not infrequently follows 

I inflammation of the sheaths, or perineuritis, which has originated in 

I Mme orbital process, such as cellulitis of the orbit from whatever 

} cause, in which is included erysipelas of the face. Tumor of the 
orbit, however, usually occasions intra-ocular neuritis, such as choked 
disk, and the atrophy which follows is rather consecutive than see- 

I'Ondary. 

Consecutive Atrophy. — This title is need to designate the result 

■ of some preceding intra-ocular inflammation. Ita characteristics have 
already been described in jwrt under the " retrogressive changes "' 
which follow papillitis, retinitis, and choroiditis, in their various 
forme. It will, tlierefore, only \>e necessary to remind the reader that 
" papillitic " atrophy is one that affects the head of the nervo with- 
out affecting the stem or implicating the retina, and which leads to 
atrophy of the intra-ocular end of tlie nerve. The principal features 
of this fonn of atropliy are a filled-in and more woolly aspect of the 
disk, with increase of the connective-tissue elements. There is marked 
narrownng of the vessels, especially the arteries, which can Bometimes 
only be followed for a short distance into the retina. There are signs 
also of perivasculitis. The color of the disk is a dull and not a 
brilliant white, and often has a dirty grayish appearance. Tlie close 
fibrous and reticulated connective tissue into which the imjtilla is 
changed covers the lamina cribrosa, and not infrequently conceals the 
choroidal border. In the begiiming the papilla is somewhat promi- 
nent, but later becomes flatter, so that the normal level is finally 
maintained. The borders of the disk are not sharply defined, as in 
primary atrophy, and the papilla appears to be somewhat larger in 
I, since the edges of the choroid are overlaid by it. The disk may 
show the remains of fatty degeneration and sclerosis. 
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For a furtlier considemtioii of these matters I would refer the I 
reader to Cliapters I and V,aad to the general remarks upon atrophy ] 
of the central vessels. 

Retinal Atruphy. — Atrophy of the optic nerve from retinal dis- 1 
ea^e, such as retinitis pigmentosa, cliorio-retinitis, and other chronic I 
forms of retinal inllammatiuii, is chietly distinguislied by the fa(.'t that j 
the color of the pa|)illa is never of that clear and brilliant white, 
or bluish white, that marks primary or extra-ocnlar atrophy. Tlio 1 
tone is more opaque, and of a yellowish-gmj- color, which extends 
more uniformly over the entire surface of the disk. There is less I 
tendency to excavation, ag the nervous elements are supplemented by 
an increased development of tlie interstitial element*. The edges of I 
the nerve are uneven, and apt to be dotted here and there with small j 
masses of pigment, which, when found in the retina itself, show the 
true origin of the atrophy. The vessek are apt, a& after all inflam- 
matory processes of the retina, to l»e exceedingly narrow, and to show ' 
in a greater or lesser degree the signs of vasculitis. 

In the more acute kinds of retinitis, such as retinitis atbuminurica | 
and hiBinorrhagica, the signs of atrophy are apt to resemble those of 
the higher grades of neuritis and neuro-retinitis, such as have been ' 
described under consecutive atrophy and the retrogressive changes in 
clioked disk, where there are grave disturbances in the circulation, ' 
and even venous thrombosis. 

Microscopical CharacterUtica of Atrophy of the Optie Nerve. — ' 
In the earlier stages of atrophy there is usually but little reduction in 
the size of Uie nerve, though at times, however, tliere may be some, 
but it has a transparent aspect, and a softened and friable congistency. 
The atrophic nature of the trouble consists in the decay of all the 
elements of the nerve, with the results of tlie degeneration of the 
fibres, globules of fat. granular cella. and amyloid bodies. When in- 
terstitial inflainmatit)n has been present, there is usually an increase in 
all the connective-tissue elements, which seem then to have supplanted 
the nerve-Kbi'es, When tlie atrophy has tieen the result of pressure, ■ 
especially that from perineuritis through contraction, the nerve is ! 
much reduced in size, and at times appears to )>e changed into a cord j 
of connective tissue. 

In gray degeneration of the nerve there is an increase in the con- 
nective-tissue staging work, with an atrophy of the nervous fibres, i 
either with or without a previous development of the granular celUi. 
The atrophied nerve-bundles become reduced in size and of irr^ular I 
dimensions. 

The atrophy may bo more extensive in some jiortions of the ti»- ] 
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L sue and alao in some areas of the eaine section, being more marked 
i near tlie periphery, ae a rule, although at times it may 1)6 more de- 
Teloped in the axial portion, and close to the vessels. The medullary 
t substance is first affected. liy the disappearance of tliis and by the 
reduction in the diameter of the fibre the size of the nerve is also 
I reduced. By the lose of the medullary substance the fibres become 
nun-medullary fibres and grow varicose. Later these varicosities 
disappear and the fibres then appear as fine homogenous tibrillte. 
"With these change.? the nerve assumes a gray, translucent, and jelly- 
like apjiearance. According to Gowers, a gelatinous substance is also 
found round tlie vessel which contains a few nuclei and an indistinct 
concentric fibrillation. 

In papillitic atrophy, or tliat which is the result of an intlammation 
of tlie head of tlie nerve, tliere is a great increase in tlie connective- 
tissue fibres which, here jiarticularly, supplant the nervous fibres either 
to a great degree or even entirely. The surrounding retina shows dis- 
tortion and displacement of its elements, and the shape of the cho- 
roidal opening is changed. 

Vigital Defect/1. — One of the most important symptoms of atrophy 

of the optic nerve is a disturbance in the amount and character of the 

I TJsion. This usually begins with a j)eripheric and concentric iiarrow- 

I ing of the field of vision ; and, as this form of hmitation is different 

I from what occurs in what may be called the beiugii amblyopias, it 

forms an important element in the diagnosis. The limitation may 

; begin at any part of the periphery of the field, the point of selection 

varying according to different authors. Its great characteristic is that 

it is concentric, and has usually advanced some way, before central 

vision begins to decline ; so that the observer, whenever there is 

a suspicion of blanching of the disk, sliould accurately test, not only 

L tiie acuity of central vision, but also that of the periphery of the 

[field. 

There may be occasionally, besides the concentric narrowing, and 
I occasionally witliout it, patches of defect which then form scotoma. 
A pure central scotoma in simple progressive atrophy, without con- 
^ centric narrowing, is very rare in the earlier stages of the disease, yet 
I .even this may occur. In axial or partial atrophy a central scotoma is 
•"the rule, as has been pointed out, and this may then Ije for botli per- 
ception and color. Fig. 55 shows the concentric limitation of the 
field in an ordinary case of progressive atrophy. 

In some cases the field in both eyes is so limited as to resemble 

I Irliat occurs in hemianopsia — that is to say, the same side of each eye, 

Bither tlie right or left, is affected. Sometimes, however, although 
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much more rarely, the opposite is the case : thus I have seen several | 
times nasal hemiopia where the inner half of each retina was affected ; 
and wliat at liftit sight seemed tn Ihj a limitation, due to cerebral dis- j 
ease, proved later to ] 
In: caused by simple ] 
prugressive atrophy . 
Fig. 56 shows such a 
tield. in which tlie na- 
sal side of each retina * 
was affected. The 
shaded portion de- 
notes the }iart of tlie 
lield that is wanting. 
As a great rarity 
the hlind spot alone 
is enlarged. Thus. I 
once saw a case in 
which the blind spot 
was BO eidarged as to < 
extend nearly up to 
Fio. 55. the point of fixation 

ill both eyes. 
C'ulitr Disturbances. — In all kinds of atrophy there is a confadon 
of colors, even in the earlier stages. Green is confounded with gray, 
or at times with yellow, wliile rose and purple appear bluish. The 
perception of different colors behaves in atrophy as it does in the 
normal eye— that is to say, if the colors green, red, blue, yellow, and 
white are carried from the point of ti.\ation toward the periphery, 
the sense of green will be lost tirst, followed by red, blue, yellow, and 
white, in the order named. 

Fig. 57, from Gowers,* 
represents the normal field 
for color, and in atrophy, as 
in health, the colors are 
lost in the order in which 
they are named. There is, 
though, no constant propor- 
tion between the degree of 

the disturbance in color and the amount of amblyopia. Sometimes, 
however, the loss of the sense of color points to the fact of l)egin- 
ning trouble, wliich is afterward confirmed hy a loss in the field, 
• " Hedicnl OphthBlmoscopjr," p. IW. 
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Cauw8 of Atrophy. — Simple atroplij occurs in a great many 
caees in a perfectly independent manner, and where tliere are no signs 
\ of any atfections of other nerves, or indeed of any coinplieatiou of 
I any disease whatsoever. Primary atrophy h much more frequent in 
men than in women, and in adult life than in childhood. Papillitic, 
or consecntive atro])hy, on the other liand. is equally as frequent witli 
women as men, which may be due to the faet that, beiiides being 
subject to sypldlitie disease, tliey are exposed during gestation to kid- 
ney trouble and associated 
neuro-retinitis. In partial 
atrophy men are much 
■e affected than women 
I — due, no doubt, to the 
I greater influence of tobac- 
co and spirits. Keredi* 
tary atrophy is also more 
common with men than 
I . women. 

ItjUiaj also be stated, in 

, general terms, that wher- 

• ever neuritis has occurred, 

or pressure been exercised 

, "upon any i>art of the nerve, 

I atrophy may follow. This alone would make tlie etiology of tlie 

\ disease as broad and general as the list of diseases themselves, and 

\ hardly possible, even if worth while, to enumerate — especially as so 

much has already been said in regard to neuritis. So often, however, 

does ^tropliy occur with spinal and cerebral diseases, that it is s^me- 

k timeB, in a way of designation, convenient to speak of a " spinal " or 

1 '* cerebral " atrophy of the optic nerve. Atrophy of the optic nerve 

L in spinal troubles depends, as does the disease of the spine itself, upon 

L^raj degeneration of its nervous tissue. In rare cases, however, the 

I nerve to the mirror is not gray but wliite, and even of a lustrous hue. 

The gray degeneration does not limit itself to tlie nerve-atem, but 

attacks also tlie chiasm, and extends back to the corpora genicnlata, 

if not farther, as modern investigators are inclined to believe. Gray 

atrophy usually affects both eyes, although often, if not usually, in 

I very different degrees, both as to the time of the appearance of the 

^ophthalmoscopic signs and the state of the vision. Thus several years 

I may elapse iMjfore the second eye shows any changes either in vision 

' or in the ap|iearance of the nerve. Indeed, one eye may advance to 

total blindness while the other remains entirely normal. In rare 
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easee it is said that only one eye is affected. The dieease may liave 
remissions for a longer or eliorter [kti^kI, and vision may appear to 
improve for a time, only to begin to fail again on some iniprudenre, 
or some reduction of the general health, or from no apparent cauiie. 
As ft rule, bowever, the disease rims iu courfie. in from one to t«-o 
years, when blindese ensues. 

In atrophy from spinal diseaHC the diagnosis is often helped liy 
the detection of iniisenlar troubles, the shape of the pupil, and the 
presence of rheumatic and ataxic pains, jiaresis of the bladder, and 
the characteristic gait, as these usually precede the eye symptoms. 
Still, this is not always so, and it is often by means of the mirror that 
the spinal trouble is first detected or suspected. 

Atrophy of the optic nerve may occur in myelitis of the lateral 
cohimns. It may also occur after injuries to tlie spine, but only after 
a considerable lapse of time. In recent cases, according to Allbutt, 
only hypenemia of the disk is usually found. This may, however, 
be associated with obscured borders of tiie nerve, moderate tortuosity 
of the veins, with, at times, a considerable decrease in vision. These 
facts would suggest rather some form of commotio-retinfK than neuri- 
tis from meningeal trouble, as suggested by Allbutt, especially as 
the case had a tendency toward convalescence ratlier thau toward 
atrophy of the nerve. 

Atj-ophy from Cer^ral Dlseage.—The use of the word atrophy 
in this connection commonly excludes all those causes which produce 
intra-ocular infiammation, such as neuritis and choked disk, and ap- 
plies only to the atrophy that happens to follow direct pressure 
upon the nerve-stem. This may happen from tumors or growths, 
such as tubercle and gummata. It may also occur from hydrocepha- 
lus iuternus or hypertrophy in the region of the chiasn] or at the 
optic foramen, including exostosis of this and other regions, and 
aneurismal dilatations and constrictions of the optic nerves by diseased 
vessels. It will be remembered, of course, that most if not all of 
these do produce intra-ocular inflammations, but occasionally do not, 
and it is under such conditions that the name of cerebral atrophy has 
been applied. 

Strictly speaking, the atrophy that accompanies one-sided brain- 
disease, and which is expressed by hemianopsia, ought to be included 
among the cerebral atrophies, and no doubt would if it showed itself 
more frequently at the disk ; but it retiuires so long a time for the 
atrophy to descend to the disk, that it very rarely manifests iteelf to 
the mirror. In the few cases yet reported there seems to have been 
a difference in the appearances noted, since iu S'jme cases there were 
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the sigDs of atrophy extending over tlie entire surface of the disk on 
the Bide opposite the lesion, and in otlier caees one half of each nerve 
was affected. 

SonietimeB we find gray degeneration of the nerve, witli softening, 
as we do in disseminated sclerosis of the brain and progressive paral- 
yiiis of the insane. In sclerosis of the brain, paralysis of the muscles 
of the eye is usually combined with the cerebral trouble. There may 
be also dilatation of one or both pupils, and at times nystagmus. In 
general paresis simple atrophy often occurs, and is often, as Ijefore 
stated, preceded by a congestive stage of a light character. The affec- 
tion of the eye, unlike that in spinal disease, frequently precedes the 
motor disturbance. 

Atr(^hy of the Optic Iferve from. Orbital Disease. — This may 
occur as the result of ailections of the orbit, which exert pressure 
either directly or indirectly upon the nerve. The atrophy may take 
place at the disk without any signs of previous inflammation having 
occurred, although such may have been present at some time previous 
to the examination. 

Glaucomatous Excavation.— A glaucomatous excavation is one 
which signifies tliat the head of the nerve has been subjected to a 
pressure upon its surface, which is greater than it can Ixar, or, in 
otlier words, that the force applied is great«r than the resistance. 
Thus an excavation may result under different conditions : for exam- 
ple, the intra-i>cular pressure may be increased over the normal amount, 
and the power of resistance be normal, as usually happens In acute 
glaucoma ; or the intra-ocular pressure may not be above the normal, 
and the power of resistance of the tissues of the head of the nerve 
be BO much reduced that they yield even to a normal amount of 
intra-ocular tension, as happens usually in glaucoma simjilex : or, again, 
the intra-ocular tension may be less than the normal, and the power 
of resistance still less— by which it happens tliat we often see enor- 
mous excavations of a purely glaucomatous type in eyes in which 
the intra-ocular tension is below the normal standard, and in some 
cases to a marked degree. 

The chief characteristics of a glaucomatous excavation are its ex- 
tent, its depth, and the behavior of its central vessels. Its enlarged 
size depends upon the facts that it extends up to the edges of the 
scleral opening, and that, as tliis is ))eveled backward, a sharp edge 
is presented to the observer, and an opening is thus produced with 
overhanging, counter-like borders (Fig. 58). In otlier fully formed 
caees the excavation extends up to the edges of tlie nerve for its 
entire circumference, but it may happen in the earlier stages that it 
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does 60 only in portions of the eirouniference, and in tliese cases it 
is nsnallj', tliough not always, at the temporal side. Under thi;!£C 
conditions, which may be looked upon as a sort of partial excavation, 
tlie excavation is not a lieep one, though tlie opposite may I>e true, 
and when it is, the central vessels are usually crowded toward the 
nasal side. It is sometimes difHcult, then, to say whether die cnpping 
is a commencing glaucomatous excavation, or a physiological one. or 
a mixture of both — that is to say, a physiological being transformed 
into a glaucomatous one. 

Tho depth of the excavation depends npon the fact tliat the 
tissue of the iHininu crihrosa ts at first pnslied backwards by the 




pressure upon it. In the earlier stages, the anterior portion of tlie 
lamina is concaved in front, while tlie posterior border maintains its 
original position ; later this also gives way, and the tissue in front 
of the lamina is absorbed until only tlie merest trace of it is shown 
as a membranous expansion at the bottom of the excavation. It 
is this implication of the lamina and the changes that it undergtK.-fi 
wliich chiefly distingiiish a glaucomatous, from a physiological or 
atrophic excavation, in which the lamina retains its normal piano, 
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For varies only siiglitly from it. The depth of & glaucomatous excava- 
Ition may vary from one raillimetre to nearly two imllinietrea, as 
rmeosured from the inner surface of the edge of the nerve by tlie 
I ophthalmoscope. The method by which these measurementfi are 
[.jnade haa been shown (Vol- I., p. 115). The tloor of tlie excavation 
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may be of different shapes and of different levels. Thus it may be 
flat and broad, as in Fig. .^i>, where tlie section of the excavation has 
•the shajte of a truncated pyramid, or it may Ito cup-sliaped aa in 
;, 60, or in the form of a funnel, as in Fig. 61. 
OphtfuUmosi'opw Appearances. — These, for the salte of conven- 
ince, may be divided into those accompanying the initial and the 
advanced stages, and thoHe which are characteristic of chronic (or 
simple) and acute glaucoma. In the earlier stages of simple glaucoma 
the disk may preserve to a considerable degree its norma! injection, 
and the difference in level may be so Khght a« to easily escape notice, 
Wlien present it is usually detected by a slight l>eiiding of the ves- 
sels at the temporal and lower portion of the nerve. There is at 
is stage no disconnection of the course of the vessels, which can Ite 
illowed even by the upright image up to the point of emergence, 
[t is, of course, very difficult to tell at this stage whether the slight 
depression existing is due to pathological causes or not, and it is also 
difficult to detennine whether the injection of the disk, which may 
be at times tpiite marked is physiological, or patliological and not 
dne to a low form of neuritis. Indeed, I am more and more con- 
Tineed that the initial step in glaucoma simplex is often a low state of 
;inffanimation, and that the excavation whicli follows is due to tlie 
uction in the resisting power of the lamina and surrounding tis- 
, which has been lessened by the mild form of neuritis. Thus I 
i not infrequently seen a well-marked glaucomatous excavation on 
side, and neuritis of a mild but still distinct form, with stretch- 
of the tissue and a beginning excavation in tlie other eye. and 
great reduction of vision in the more advanced eye, with lesser 
uction and limitation of the field in the otlier, pointed conclu- 
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Gively to the nature of tlie trouble. It must be borne in imnd 
here, however, that the tension of the eye in ehrunic glaucroiiia 
\tmy vary from day to day, or even from Lour to liour, so that at 
one time it may be above the normal and again below, witlioat any 
apprwiahle difference in tlie ophthalmoscopic signs, although tlie 
increase is apt to be accompanied by an increased disturbance in 
vision. In liiese cases I Ijelieve, therefore, that it is not so much 
an abnormal increase of the intra-ocular tension ae it is decrease 
ill the power of resistance in the head of the nerve, and further 
for this very reason, I am of tlie opinion that the same low stage of 
inflammation, or neuritis, which may lead in one ease to giniple 
atrophy of the head of the nerve, where a normal resistance is mtun- 
tained, may at others lead to a marked glaucomatous excavation, 
where it is reduced. lu tliis connection it is well to remember that 
in acute glaucoma the excavation is not usually developed by a 
lirst attack — that is to say, when the first attack has passed away, 
and the fundus can be \'iewed with the ophthahnoscope, tliere are, as 
a rule, no signs of an excavation. These may follow later and often 
do, even after a few attacks or even a single one, which shows that 
it is the want of resistance produced by the acute stage, and not the 
increased pressure at the moment when this is the most marked. Of 
course, it will be undoi-stood that there are other cases of a more 
chronic form, where tlie pressure is constantly in excess, and where 
the excavation is apparently due to the heightened pressure aloue. 
But even here the initial step may have been due to an inflammatory 
process. As the procciss progresses the excavation increases in depth, 
the injection of the disk becomes less, and may assume oven a normal 
wluteness, but never until the later stages, that of atrophy. The 
arteries become narrower and the veins more dilated, as if the blood, 
from the pressure exerted upon it, and from the resistance it en- 
countered from the excavated shape of the disk, had a greater diffi- 
culty in entering the arteries and also in leaving the veins. In this i 
stage, and even in some of the later ones, the excavation may be the 
seat of an increased injection, and on one or two occasions I have 
seen the entire floor of the excavation crowded either Ijy what wag a 
hffimorrhage, or, as I sometimes convinced myself, was a congeries of 
minute vessels, so flnc that it was with the greatest difliculty that tlie 
single vessels could be detecte<l. These cases are usually associated 
with tortuosity of the larger vessels. At tliis time tlie yellowidi- 
white ring, so cliaracteristic of glaucoma, begins to make itii appear- 
anee, at first in segments and then as a complete circle. The ooter , 
border of the ring then often appears fuzzy and is extended irr^> 
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nlarly out into the choroid. When the preseure is marked, the 
arteries have often the peculiarity of maintaining tlieir normal eize 
in the neighborliuod of the disk and rapidly diininiahing in calibre 
toward the periphery, so that at times tliey can only be followed for 
comparatively short distances into the i-etina. Another characteristie 
symptom, though by no nteaiis a constant one, is the pulsation, not 
only of the veins, hut also of the arteries ; when not spontaneous, it 
can be readily produced by the shghtest pressure, and the ease with 
which it is produced then gives some indication as to the abiionnal 
increase of the intra-ocular tension. Contrary to what holds in tlie 
normal eye, it is produced more easily in the arteries than in the 
veins, and a moderate pressure seems to produce it to a greater degree 
tlian a too forcible one, which may, indeed, cause it to cease. 

When spontaneous, it is more noticeable in the arteries tlian in the 
veins, and seems to be qnicker in action, and it extends for quite a 
distance, at times out into the retina. It may be either constant or in- 
termittent, and cease entirely for a time, to reappear, at another pericid. 
either hourly, daily, or at longer intervals. It is m(jre ajiparent at the 
period of access than remission, and more noticeable during tempo- 
rary aberrations of vision than when the sight is at its best. In the 
stage of complete development, the ophthahnoscopic picture, by tlie 
direct metliod, is a very marked one, and needs but little verlml ex- 
planation ; and yet it is precisely in tiiis stage that the true nature of 
the afEection was, in the early days of ophthalmology, totally miscon- 
strued, and what was, in fact, a high degree of excavation, was taken 
for a marked degree of prominence of the head of tlie nerve. Know- 
ing that it was an excavation, I liave never been able to get the etfect 
fonnd and figured by the earlier writers, especially Jaeger, but as a 
curiosity it is certainly wortli mentioning. As a rule, the vessels 
advance with but little noteworthy change to the edge of the nerve, 
where tliey are seen to make a sudden curve, which is marked by a 
darker color. They then are lost to view on the surface of the disk 
iteelf, or become of so pale a hue as to be barely recognizable, nor 
can the veins be tohi from the arteries. Moreover, when thus seen at 
the floor of the excavation they seem to be disconnected from those 
which come from the rim of the nerve, and dropped, as it miglit be 
expressed, "endwise." Sharp definition ceases with the rim of the 
excavation, and everything at the surface of the disk apjjears indis- 
tinct and hazy, and it is only as the correcting glass is made stronger 
and stronger that the details of the excavation come into view, while 
tlie edges of the excavation become proportionately indistinct. With 
the proper correcting glass the reticulated structure of the lamina 
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comes ont, the difference between arteries and veins becomes appai^ 
eiit, and by sliglit iriovements of tJie observed and observer's eye, tlie 
vessels can be traced not only over tlie floor, but with occasional 
exceptions up its sides. This is not always so, however, as in BOine 
cases the vessels are so displaced side^^'ise and tlie excavation so luider- 
niines the edges of the long and deep tunnel-hke pit, tliat the vessels 
remain concealed no matter what efforts are made to bring them into 
view by movements upon the ]>art of the ol)served and (tliserving eye. 

Moreover, parallactic displacements of the veesels are obtained on 
the movements of the observer's lie^. The excnrsions of the pulsat- 
ing vessels come clearly int4j \-iew, and in some cases they seem fairly 
to leap from their bed. Witli a reduced light the pale-blue color, so 
often seen in glancomatous excavations, comes into view, and in rarer 
cases the pale, and in still rarer, the emerald-green circle, especially 
at the temjioral side, can be plainly seen. Tliia last in ita most con- 
spicuous as]>eet is exceedingly rare, and I have only seen one single 
case which thoroughly realized in depth of color and b rill ianey the 
di-awings of Jaeger (" Hand Atlas," Taf. XI., XII.). Besides the 
changes at the surface of the disk, other changes m^ciir in the retina 
proper, and chiefly in the vessels. These, as has already lieoTi pointed 
out, may on some occasions be very tortuous, and their walls may 
show signs of being affected. Nettleship reports a remarkable case, 
in which, besides all the well-marked symptoms of glaucomatous ex- 
cavation, there was perivasculitis of a very liigh degree. 

The choroid, too, in advanced cases is ahnost always affected. 
The white ring, which surrounds the nerve, is due to the atrophy of 
the choroidal tissue, in the part which is then reduced to a thin mem- 
branous expansion. This ring varies in width, and may extend, espe- 
cially toward tlic macula, for a considerable distance from the borders 
of the nerve. The fundus, taken as a whole, has a faded, washed-out 
appearance, witli occasionally more or less disturbance in the pigmeat 
layer. It is asserted that complications in the vitreous with opacities 
are not nearly so common as is supposed, and that the haziness of the 
fundus during the acuter stages is due to a want of transparency of 
the cornea ; and that this is true in the main can be shown by the 
fact that the haziness of the membrane can often be detected by 
oblitjue liglit._ Still, thel^ are eases in which I have convinced myself 
that there were opacities in tlie vitreous itself, as woulrl, indeed, b« '. 
natural, whenever tlic uveal tract was affected. Again, it is probaUe I 
that the colored rings seen round lights are due, not to opacities id 
the vitreous, but to want of transparency in the cornea, as sometimeB > 
occurti in catarrhal affections on suddenly wakening from sleep, when ' 



GLAUCOMATOCS EXCAVATION. 



k 



tlie media are entirely clear and vision perfect. In tliis latter ease, it 
is evidently due to Bmall particles of mucns adhering to tLe snrfara 
of the cornea, by which on sudden exposure to a lighted lamp an in- 
terference of the rays is produced on their way to the retina. "Wlieii 
the eyelids in their action have swept away these particles, tlie colored 
rings in these cases immediately disappear. With the inverted image, 
the picture differs somewhat. Here, as elsewhere, the variations in 
level do not make so mncli difference, and in tlie aerial reduced pict- 
ure formed by the object-lens we obtain a more connected view, and 
one that is but little disturbed in its antoro-posterior relations. Thus 
we Bee to the bottom of the excavation, and consequently, except in 
occasional cases, can trace tlie vessels in tlieir continuous route over 
the edge of the disk and up to their emergence to and from the bot- 
tom of tlie excavation. The whole picture is clearer and brighter, 
but not so clmraetcrifltie, and slight degrees of excavation are apt tii 
be overlooked wlien this method is employed. I have sometimes 
thongltt, however, that slight pulsations were, whether spontaneous 
or produced, more easily detected from the I'cry concentration and 
brilliancy of the picture, with the inverted than by the direct method. 
Vt)ntal Disturharwes. — It is very important t« note these, espe- 
cially in doubtful cases. Vision is usually affected early in the disease, 
and an examination of this is often the deciding point in the diag- 
nosis. The deterioration of sight takes place principally in three 
ways — by rather sudden and temporary obscurations, by decrease of 
the central acuteness, and by limitation of the field. Central scotoma' 
may occur here, as in atrophy, when certain fibres are affected or 
cease to funetuate, but the usual form is a peripheric lessening of the 
field. There are some very exceptional cases, where there are all the 
ugns of a marked glaucomatous excavation, with no reduction in 
eight whatever, either in acuteness or extent of field. These cases are 
probably tliose in which an enonnous physiological excavation origi- 
nally existed (such as is iigiired in Vol. I, p. 60), and on top of 
which is grafted a glaucomatous excavation, which is really in its 
earliest stages, from which the nerve-fibres have as yet suffered but 
little or nothing, notwithstanding the pronounced picture produced. 
How early the choroidal tissue can l>e absorbed in the neighborhood 
1 of the nerve witliont impairing the vision at Ull, is seen in cases of 
progressive myopia, in which the cone gets larger and larger, and 
yet vision remains unchanged or even nonnal. This would account 
for the atrophic ring surrounding the head of the nerve. Glaucoma 
[ ie easentialiy a disease of middle or advanced life, but it may occnr 
I in youth or even childhood. Thus I have seen a case of excessive 
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glaucomatous excavation in a cliild of eight years. There was in my 
case a small anterior synechia, which prolmbly produced the disease 
through increased tension. Causes of pure glaucoma simplex with 
excavation have been reported in children by Dr. Webster, and by 
Dr. Randolph, in which case the child was only eleven (" Archives of 
Ophthalmology," XVI., No. 2, p. 185). In buphthalmos and kerato- 
globus glaucomatous excavation may occur in very early life. 

Finally, the reader must bear in mind that excavation of the 
optic nerve of a glaucomatous character may occur as a concomitant 
or 6e(][uel to almost any disease whatever, in wliich the pressure upon 
the head of the nerve is increased or its resistance lessened. 

Pigmentation of the Nerne. — Cases of pathological pigmentation 
of the optic nerve have l)een reported by Liebreich, Knapp, and 
others, with the conviction that they were due to pathological and 
not to physiological processes, examples of which have already been 
mentioned (Vol. I., p. 89). Liebreich's case occurred in two atrophic 
disks in such a way that, while the borders of the disk were pig- 
mented, the centres remained clear. It has l)een supposed that the 
pigmentation was due to haemorrhage. I have myself at various 
times seen small masses of pigment in eyes which showed retrogres- 
sive and atrophic changes, but I never could determine that the small 
amounts of coloring matter were not physiological or congenital. 
Mauthner also mentions having on several occasions seen the disk 
studded with minute jxjints of chlolesterine, in cases where the jmpilla 
had undergone pathological changes. 



CHAPTER VII. 
AFFECTIONS OF THE CBOHOJD. 

Posterior Staphyloma. — Tliia name has l>een api)lied to a disten- 
tdoii of the membranes of the eye, by which principally the longitu- 
dinal axis is increased, and witli it that of tlie refraction of tlie eye. 
This grailiia! increase in the longitudinal diameter of the eye is 
nsually accompanied with a peculiar and striking appearance at the 
outer margin of the nerve, wliich has been variously designated, both 
on account oi its form and supposed pathological origin. Thns, from 
its form, it is often called the "creBCent," or, with little apparent rea- 
son, a "cone," or more fre<|uently from its supposed origin, a posterior 
Btapliyhfina. Tliis latter name was given to it from the belief, in the 
early days of ophthalmoscopy, that tliere was an actual protrusion 
backwai-d of the eclera and other membranes, so that a real ectasis 
existed. That tliis does occur at times can not be denied, as the exist- 
ence of such protrusion can not only be determined with the mirror, 
but has been proved to exist, from early times, through anatomical 
examination. 

Although the " cone " may be met witli in early infancy as a great 
rarity, it usually does not make its ftp]>earance before the fourth or 
Bixth year, and more frequently still somewhat later, about the tenth 
or twelfth year. The first trace of beginning " crescent " is not, 
f, usually stated, in the choroid at the outer edge of the nerve, but on 
tlie surface of the disk itself, Tliis consists of a gradual lessening of 

^ the capillary eirculadun, at the temporal side of the disk, so that the 
nerve at this point presents an abnonnally white appearance, and 
through contrast the small isolated vessels, which leave the disk and 
run toward the macula, attain an undue prominence. Tlie neighbor- 
ing choroid then begins to show evidences of being affected. The 

I tissue immediately surrounding the outer edge of the nerve liegins 
to show for a little space a thinning, or. if the term may l>e used, a 

t sort of rarefaction, in which the edges of the choroidal ojvening l)egin 
to look frayed, and the tissue more or less mottled over the future 
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crescent. Sometimes tlie pigment ts increajted, 8o that the border of 
the nerve is surrounded by a black line, like the lieavj downward 
stroke of a pen, and this development of pigment maj advance with 
the inoreaee of the staphyloma, while the tissue ict absorbed beliind it, 
iimch as a ringworm advances over the skin. In this case the coloring 
matter iiBiially becomes leas thick and dense, as the crescent advances 
toward tlie macula, until sometimes it entirely disappears. On the 
. other hand, the pigment may cover the entire staphyloma, and then 
fi.imis a bhiisli crescent which may remain for a very long time, if not 
permanently (Jaeger, "Hand Atlas," Taf. XXV^'I.). In other cases, 
the small masses of pigment may be scattered over the general surface 
of the staphyloma, and be gradually absorbed in one place to make 
their appearance in another. On the other hand, a crescent may be 
formed of large size, with hardly a perceptible trace of pigmentation 
from the beginning to the end of the process. 

As tlie rarefaction of the tissue goes on, tiie choroidal capillaries 
and smaller, vessels of the choroid are absorbed, and the larger ones 
begin to make their appearance. The sclera l>egin8 to show through 
the thinned tisane, and little by little the absorbing process leaves a 
brilliant white lignre of a crescentic slta|)e, which embraces the outer 
edge of the nerve. In the early stages of the process the color of the 
crescent is not a pure white, but a yellowish or dirty white, wliieli 
becomes clearer and more brilliant as the trouble progresses. The 
sha[)e of the nerve is somewhat affected by the crescent, at least at 
the first glance, when tlie disk appears to l>e enlarged in a horizontal 
direction. Still closer e>:aminatiun shows that precisely the opposite 
is trite, as regards the shape of the disk itself, independent of the 
added crescent, for under a closer examination the true boundary of ' 
the disk can aUvays be determined, and it is then seen that, instead of 
being elongated horizontally, the nerve apjiears to l>e an oval, elon- 
gated even more than in the norma! eye, in a vertical direction. This 
is due to the fa«rt that, as tlie eye elongated, the outer edge of the 
nerve was drawn Ijack, so that we see the nerve fore-eliorteiied, just as 
a circle would appear oval, and an oval more oval, when rotated on its 
vertical axis. As a rule, the extremities of the crescent do not paae 
what would be the median line of the disk. Occasionally, however, 
this may occur, and the hfirns gradually extend round the entire cir- 
cumference of the nerve until they may meet together on the oppo- 
site side; or there may lie a second crescent of a smaller size, formed 
at the inner border of the nerve, and the two may then advance until 
their extremities meet at the upper border of the nerve, which then 
appears surrounded by an oval-shaped riug. with it<i long diameter 
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a horizontal directioD. Sometimes there are remiseious in tlie 

advancement of the crescent, and then from some cause or dtlier 

tlie process is renewed, and the tissue begins to become attenuated 

■ just outside the former place of atrophy, bo that we have a fully 

formed and white crescent, bordered by a second one, in process of 

formation ; and this may Ije rejwated, bo that the different accessions 

of the trouble may he recognized by a series of concentric markings, 

extending from tlie neighl>orhood of the nerve to tliat of the macula, 

not unlike the markings of a receding tide on the beach. Ab a rule, 

tlie crescent is situated directly outward. It may l>e, however, and 

not infreijuently is situated obliquely, either upward and outward 

or downward and outward. Occasionally, but very rarely, it is 

fouud directly downward, and Il-ss frequently directly upward. I do 

not remember evec seeing it situated, when single, to the inner side 

. of the nerve. This only happens, in my experience, when the second 

(inner crescent) is added to one already existing at the outer side. 

The extCTit of the crescent may vary from the merest trace to an 

enormous whit« plaque, whieli may extend far toward tlie macula. 

The original staphyloma rarely reaches the macula itself, because the 

macula moves synchronously with the cone, but it may be re-enforced 

by the changes that occur in this region, and which, coalescing with 

tliat wliich surrounds tlie nerve, the two foci coming together, may 

make an enormous oval, wlitch extends even beyond the macula. 

Indeed, when comphcated witli what has been called sclero-choroiditis 

posterior, the staphyloma may extend in any direction. This white 

I figure may then at times assume a very bizarre shajte, and reach far 

out into the field like the wings of a butterfly, or assume a pointed or 

rectangular shape. In the early stages of the trouble tlie disk itself 

I may show an abnormal injection instead of the pallor at the outer cir- 

I cumference just mentioned, and when this is at all marked the injec- 

I tion is, as a rule, more pronounced in the central portions of tlie nerve, 

I and exhibits the characteristics that are common to choroidal rather 

I than retinal irritation. Tlie redness then appears to be at a more pos- 

I terior plane in the disk, and the connective-tissue ring is even more 

marked than in the normal eye. In certain cases there is an excava- 

I tion at the outer border of the nerve which may at times be of some 

k considerable depth ; when it is so it is usually accompanied by a shal- 

I lower depression at its outer edge, or. indeed, there may be in some 

[ very rare cases a third, showing a shallower depression still. When 

[siich depressions exist, they usually vary in shade, the one at the 

I disk assuming a bluish tinge, that next to it a pale white, and 

I the most external, that toward the macula, a yellowish hue. Such 
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strongly suggest a congenital defect, or an arrest of 
development, snoli as a colohoiiia and tlie imperfect cloeure of the 
scleral split with eiil^seqnent pelding, at a lat*;r dal«, to intra-ocu- 
lar pressure or reduced resistftiice of the membranes. This wonld 
seem to lie corrolwrated by the fact tliat Jaeger and Von Hn^iier 
have reported canes of marked and fully formed staphyloma in the 
eyes of infants. lx)th in life and after death, and I myself have seen 
euc'li with the ophtJialmuacojje. They are, however, verj- rare, while 
it can uot be denied that tlie crescent increases in frequency in after- 
life, and \vitli close a])plicatioD, and oftentimes in eyes which have 
been shown by repeated ojihthalmoscopic examinations to have been 
free previously from tlie slightest trace of cone. From such facts, 
and from the fact tliat simiile elongation of the globe would, from 
mecliaiiical reasons, produce a crescent, it is very doubtfnl whether 
tJiis ie in any way the expression nf congenital malformation of tlie 
scleral protuberance, or, indeed, of any part of the scleral split ; for, 
if it had any connection with the split, we should suppose that it 
would be in reality what its name implies— tliat is, an actual protru- 
sion of tlie sclera, or at least an excavation or limited thinning of 
this membrane, as is usnally the case witli a true coloboma, as demon- 
strated as well by the ophthalmoscope as by dissections. But with a 
true crescent there is never any difference in level between tliis part 
of the sclerotic and the adjoining portions, no matter how large tlie 
crescent may be. The cone, in the common acce[)tation of the term, 
is in fact not a tnie staphyloma, and it is only when applied to tlie 
entire posterior portion of the eye that the name is at all applicable ; 
and we eliould be forced to assume tliat the whole posterior jiart of 
the eye was conjointly defective, or at least that ]>arts were so that 
were widely separated from tlie scleral protuberance. There is an- 
other anatomical condition, which can hardly fail to liave its effect in 
causing the elongation of the globe, and consequently the fonnation 
of a crescent. This is the peculiar continuation of tlie intervaginal 
sheath, which in highly developed myopic eyes splits tJie sclera for a 
considerable distance at the posterior pole, and esi)ecially at the outer 
side, into two layers (see A'^ol. I., p. 23). Tliis split is simply a lymph 
space, and if under any circumstances, such as over-use of the eyee, 
the amount of fluid is increased within the sjmce, or the resisting 
power of the sclera is diminished through a special or general debil- 
ity, then the outer thin layer yields, and alternate overfilling and 
reduction of the space must stretch tlie membranes, and the inner 
layer tlicn follows the outer. Thus, an elongation of the ball would 
take place, and with it progressive myopia and a progressive crescent; 
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witli this elongation tlie outer elieath of the nerve would be drawn 
bftek, and that part of tlie sheath, whieli was in tlie line of the ohser\'- 
er's vieion, and tluis not visible, would he etretched Itackward and 
become vidhle, and would then fonn part at least of tlie -vvliite 
surface of tlie cone. This would account for one of the concentric 
markings found at a little distance from the disk, within the surface 
of the crescent ("ytilhug Zeliender I. Monatsblatter," March, 188S). 
Thus we eee that tlmre may \>e two kinds of staphyloma — one. a true 
protrueion, which is exceedingly rare, and which is due to malfonna- 
tion, and which can be determined by the ophthalmoscope by the dif- 
ferences in the level of its floor, and by the Itending of the veiisels at 
the point of junction of the staphylomatons and non-staphyloniatous 
portions; and one, which is vastly more frequent — which is, indeed, 
the typical staphyloma, cone, or crescent — and which is formed by 
simple extension of tlie membranes, in which there is no difference of 
level, and which produces in its turn a typical example of atroj»hy of 
the vessels tlirough traction and pressure. As tlie crescent increases 
in extent, and particularly after it has reached tlie higher degrees of 
development, changes occur in otlier portions of the clioroid ; indeed, 
its entire surface may attain a faded and washetl-ont appearance due 
to changes and gradual absorption of tlie pigment, strongly suggestive 
of a senile wasting, and which is out of all proportion to the years of 
the 6nl>jeet. It is. however, at the macula Intea especially that these 
alterations occur ; here the ame attenuation of the tissue, the same 
alterations of the pigment occur, so that the region of the macula has 
a mottled and abraded appearance, which finally may pass into an 
isolated B])ot of atrophy, which, strange to relate, may confine itself 
so strictly to the choroid that vision is not nearly so much affected as 
the ophtlialmoscope would lead one to Bup]wse. The pigment, how- 
ever, is not so apt to collect in block masses as in the neighborhood of 
the nerve, hut the whole region aseiiuies ratlier a nifUed and macer- 
ated appearance. Occasionally, however, concentric masses of black 
pigment do occur, especially when associated with some inflammatory 
action. Under these conditions, also, luemorrhage at the yellow spot 
not infrequently takes place, and we then have a very striking oph- 
thalmoscopic picture, of which the drawing in the frontispiece of 
this work is so conspicuous and lieaiitifiil an example. This chromo- 
lithograph was kindly furnished to me by Dr. Basket Derby, of Boston, 
and seems to me unsurpassed in the brilliancy of its execution and its 
fidelity to nature. It was taken from a case in Dr. Derby's practice, 
and represents the left eye of a middle-aged man, in which there was 
s myopia of 1.3 D. The patient had been near-sighted since his ear- 
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liest recollections. In addition to tide, he Lad alwajB been subject to 
marked intolerance to liglit. He had not, however, noticed any ejie- 
eial failure of vision nntil a few weeks before lie presented liimself 
for examination, when a largo central scotoma had appeared before 
this eye. ViBioii was eccentric in tliia eye, and reduced to "OS. In 
the right eye there was a myopia of 13 D., witli a large and progressing 
crescent, with numerons isolated spote of atrophy scattered over the 
fundus, but there vas no special change at the macula. In tlie left 
eye {see frontispiece, Vol. I.) there was a large crescent siirroimding 
tlie nerve. There were, however, no isolated patches of atrophy in 
any other portion of tlie fundnsj except the macula, where the api)ear- 
ance existed that is figured in the drawing, which was made by the 
inverted metliod. The effusion of blood is evidently quite recent. 
This patient was examined a second time, three years later,. and the 
only ophthahnoscopic change had been a slight clearing up of the pig- 
mented spot in the centre. It in evident, from the existence and per- 
sistence of the central scotoma, that tlie onter layers of the retina were 
affected in tliis cAse, as they ai-e in so many like it ; and it is more tlian 
probable that the htemorrhflge in these cases is from the retina, rather 
than from tlie choroid. In tins particular case it is shown to be so 
from the interruptions in the vessels. This, then, is a ease of cliorio- 
retinitis centi-alis, grafted upon a posterior staphyloma, which would 
appear to be originally of congenital origin. The occupation of tlie 
man was that of switch-tender, and Dr. Derby justly remarks that 
" this case furnishes an instnictive commentary on the necessity of sub- 
mitting all railway employes to au examination of vision. Tor years 
before coming to me he had occupied a responsible position on one 
of our most important roads, and had been daily uitnisted with the 
carrying out of arrangements to which accurate eyesiglit would seem 
essential, and which involved the safety of hundreds of travelers." 
Just as posterior staphyloma may be anatomically divided into two 
classes, in one of which there is a real protrusion of the sclera, due to 
defective formation, and in the other a simple ellipsoidal dtstenUon of 
the posterior portion of the eyeball, so clinically it may be divided 
into two classes, the stationary and progressive. The stationary occurs 
either congenitally or very early in life, increases with the growth of 
the body, and tlien becomes stationary, and may remain so for life, 
with little or no apparent ophthalmoscopic change other than that 
which is common to all eyes witli advancing years. These stationaiy 
staphyloma may l>e of considerable extent even from birth. Bndi 
eyes are, however, from the very nature of things, apt to take cm a 
sudden development, and pass from being stationary into progreflfflve. 
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Stationary stapliylonia usually occutb in those people who have been 
myopic from their earliest recollectioiiB, and from those of their 
parent*, who are themBelves apt to h& myopic. These stationary 
staphyloma or crescents, have usually ophthalmoscopic peculiarities 
which distinguish them from tliose of a progressive nature. ' Thus, 
the border of the crescent, where it meets the choroid, is sharply 
defineti, and tliere is ustially little or no disturbance of tlie pigment, 
and the adjacent choroid shows little or no signs of attenuation or 
beginning atrophy, tiie tissue appearing normal, quit« up to the divid 
ing line between it and the staphyloma. Tliis is well seen in the 
frontispiece to Vol. I., where there is a perfectly clean-cut edge to the 
staphyloma, with no trace of pigment or rarefaction of the tissues. 
That a secondary process, of an iniiammatory character, was super- 
added to the staphyloma, which also affected the retina, has already 
been explained. Moreover, the staphyloma is not usually of so regular 
and typical a form — that is to say, of so crescentic a sliape. Again, its 
position is not apt to be so predominating or dense at tlie outer edge 
of the nerve, but may not infrequently assume a less common local- 
ity, such as downward or upward, or obhqiiely outward, or even in- 
ward. These stationary staphyloma are apt, moreover, as many if 
not most of tliem are congenital, to have a shallow excavation at the 
outer part of the nerve, which passes over into the staphyloma; or 
there may be a second, or even a third, shallow difference in level, 
with a different shade of color in each. In a woi-d, the crescent has 
ratlier the appearance of a long-standing trouble of a congenital 
character, and is strongly suggestive of col*)lK(ma, tlian the result of 
an atrophy produced by an existing pressure and traction. As elonga- 
tion of the eyeball produces myopia, and also produces the crescent, 
the terms progressive myopia and staphyloma have become almost 
eynonymons. This is no doubt true, in the main, although it must 
not be lost sight of that myopic eyes occur, not infrequently, where 
there is no cone, even where the myopia is of a considerable degree. 
This occasionally happens, even wliere the myopia is of a high degree ; 
thus, I have not infrequently seen myopic eyes, without a cone, where 
tlie myopia equaled 9 D., and a few even where it was as high as 12 
D. Neither most it be forgotten, on tlie otlier hand, that the cone 
may occur in eyes which are not myopic; thus, it is found, in al)out 
three per cent of emmetrojiic eyes, and in about tliree and a half per 

t of hypermetropic. In such eyes the crescent is usually of small 
dimensions, is generally also stationary, and may, in the great major- 
ity of cases, be looked upon as congenital. 

As to the cause of the formation of the crescent, it may l>e said. 
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ill genei'al terni^ timt it will result from any cause that produces 
an tiloii^tion of the eyeliall, atid which at the ^ine time prodaces 
sufficient preaaure and traction upon the vcbbcIs of tlie choroid to 
caune tlieir atrojihj. That t)ie resistance to such atropliy varies in 
different eyee ie siiown by the fact that in Bome cases of progreesive 
myopia, especially in youth, considerable elongation can take place 
without tlie production of any crescent. That lieredity plays an im- 
portant part in the production of myopia and the crescent can not 
be denied ; but that they occur in eyes where tliere is no hereditary- 
tendency is equally true, and where its origin is purely fortuitous, as 
in over-uee of the eyes, after debilitating diseases. It is often asso- 
ciated witli a low form of choroiditis which is located in the posterior 
parts of the eye, and there lias gained the title of " sc]en>choroiditis 
posterior," In tliis case it may be associated witli patches of choroi- 
ditis disseminata, either isolated or confluent ; or the process may be 
of BO low and chronic a ty]>e as to show few or no signs of active 
inflammation, either to the ophtlialmoscopc or niierosope, and be 
characterized solely from the atrophic variety by the enormous extent 
over wiiich the degeneration and wasting away of the tissues occur. 
In the most marked cases of tliia, one or more foci of atrophy occur, 
that are situated especially at the optic nerve and at the macula, 
plainly showing that the vessels of the scleral circle, and tliose which 
pierce the sclera in tlie neighlwrhood of the macula, are affected. In 
this way two large circles are formed, which coalesce finally and fonn 
an immense oval or iigure-of-eight patch, which embraces the entire 
circumference of the nerve and the macula. (See Fig. fi2, which rep- 
resents a c^e of marked sclero-clioroiditis posterior.) The appear- 
ances represented were found in the left eye of a young girl who was 
suffering from progressive myopia, the result of overwork at school. 
The patient was myopic, 9 D, and the fundus showed the signs of a 
well-marked }H)Bterior staphyloma of that rather rare form which sur- 
rounds the entire nerve ; and the line of separation between the nerve 
and adjoining sclera was so faintly marked as to give the impression 
of an enormously large disk, upon which the ramifying vessels stood 
out with great clearness. I have, indeed, as a rarity, seen cases in 
which the degeneration seemed to cover almost the entire fundus, and 
which might lie fairly looked upon as cases of complete atrophy of 
tlie choroid, the fundus being marked here and there with streaks 
and circles of black pigment, and occasifinal bits of attenuated vas- 
cular areas, which sometimes have the appearance, when very smiil], 
of hfemorrhages, but which on closer inspection are found to be 
made up of small vessels which have escaped the general eroding in- 
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fluences. Keal hteniorrhtiges, liowever, do sometimes occur, minute 
in form, and situated near the border of the staphyloma. Tliese 
are rapidly ahsdHied, as a ruk-, shuwliif; tlial they were reidiv cxtmva- 
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eatiims. Tlie retina is not nearly eo much affected, in elongation 
of the plobe, as would naturally l>e suspected, from what is usu- 
ally considered ita extremely delicate nature. In the earlier stages 
and in the milder fonns there is often, indeed as the rule, no change 
that can te detected with the oplithalnioecope, and the function 
of the retina may he absolutely unimpaired, vision l«ing normal in 
every reBi>ect. In the higher degrees the most conspicuous change 
is, tliat the vessels seem to run a straighter course and to be smaller 
than in the normal eye. Some of this is due to the fact tliat the 
nerve entrance, together with the staphyloma, is so much lai^er, tliat 
in comparison they seem reduced in size; Imt, independent of this, 
it does seem in other parts of the fundus, actually as if, in lieing 
etretched. they had lost some of their calibre. In the higher degrees 
only, vision is decreased, as a rule. In the more marked forms, 
where the myopia is of a considerable degree, tlie vitreous is apt to 
be the seat of long filiform membranes, which are sometimes very 
diatreesing to the patient. When situated in the back of the eye, and 
not in the anterior [mrtion, and when they make large and rajiid 
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eseursiona on movement of the eye, lliey are thouglit to iudicRte a i 
greater liquefaction of this portion of the vitreoufi, fteeasioimlly | 
also there is what appears to be a ixwterior polar cataract in tlie ' 
lens. This utiually takes the form of a small dark spot on tlie ajiex 
or curvature of the posterior capsule of the lens. Wlien, as oftt-n 
happens, this opacity is exactly covered by the corneal reflex, and , 
maintains tliis position under all movements of the eye, there is ' 
every probability that it is not in the lens itself, or its capsule, but , 
that it coincides with the centre of motion of the eye wliich is beliind 
the leuB and in the vitreous body. It is well, then, to determine ita 
position acuratelj, and not to mention the existence or prolmble for- 
mation of cataract, as I Iiave known guch spots to maintain their 
size and position without alteration for years (see Vol. I., p. 187). 
That such eyes should show a tendency to inal-nutrition in all reajiects 
is not strange, nor tliat tliey should be siibject, as tliey often are, to \ 
cataractous formation and separations of the retina and other de- 
generative changes. 

Micrcscoj^ical Changes. — The chief of these are degeneration or 
atrophy of the pigment, atrophy of the chorio-capillarieis, and other 
vessels, and a gradual reduction of the choroid, which makes it, in the 
position of tlie posterior staphyloma a tliin membranous expansion, 
some traces of which always remain in the epithelial layer and cho- 
roid proper ; there is also cohesion of the retina to tlie choroid, and 
the choroid to the sclera. There is also in some forms sclerosis of the 
vessels. 

Changes in the EpUJielial Layer. — Midway between tlie choroid 
and retina stands the remarkable anatomical structure known as the 
epithelial or pigmental layer. Embryologically it would appear to 
Iteloug to the retina, and clinically to the choroid. Always remark- 
able as an important factor in the ophthalmoscopic picture, it has 
gained new importance and significsnce from the fact that it secretes j 
the visual purple, and may therefore, as Alt has expressed it, 1 
looked npon in the nature of a gland. Situated immediately between, I 
and in close contact with the retina on one side and the choroid oa j 
the other, it would only be natural that it should particijtate in the ( 
morbid changes to which Iwtli of these princijial membranes of the \ 
eye are subject. On the other hand, tliis thin and ajipurently deli- 
cate membrane would appear to form a protecting lamina for the pre- I 
vention of the spread of disease upon either side of it : thus we oftea ( 
see the most marked forms of clioroiditis which <io not implicate th« ] 
retina ; and, on the other hand, cases of retinitis in which the chamdj 
remains intact. Tlie epithelial layer may be con^dered, so far, I 
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' dis'ided into two parte, one of which consista of a thin vitreous layer, 
fltod the other of a single layer of pigment cells, which are spread 
over its inner surface in tlie manner already described in Vol. I., p. 
87. Each of these may undergo cliangea visible with the ophthal- 
moscope. Thus, tJiere is no doubt but that in certain forms of cho- 
roiditis and retinitis, especially iji the outer layers, the pigment cells 
may proliferate and be altered in shape, and that certain cells may 
lose either a part or tlie whole of their pigment, wliile neighbor- 
ing cells may become so engorged as to bo comjtletely tilled with 
coloring matter. As will be seen lat«r with tlie choroid, as has 
already been seen with the retina, these changes are a constant ac- 
companiment of certain forms of choroiditis ; whether, however, 
there may be morbid processes which affect the pigment in an inde- 
pendent and idiopathic manner, without souie complication of either 
the retina or the choroid, is not yet settled. Yet it can not be de- 
nied that there are certain collections of pigment which take place, 
especially at the macula lutea, in which there are no traces of any 
action whicir can be classed as inflammatory, to be detected at tlie 
time, or for years afterward. As such accumulations of pigment are 
nsnally accompanied by a deterioration of vision, in the shape of a 
scotoma, they have been usually set down to some preceding haemor- 
rhage. Single hsemorrhages into the retina, as a rule, do not pro- 
duce these deposit* of pigment, and there is protwbly, as Alt says, a 
hyperplasia of the pigmented epithelium without a patliological change 
in the choroid ; and that in such cases the tubular offsets of the pig- 
mented epithelimn grew into the retina after having first destroyed 
ita outer layers (" Lectures on tlie Human Eye," p. 123). 

This hyperplasia of the pigment, together with its displacement 

in certain places and its agglomeration in others, would form an 

nage, that would resemble, in a certain respect, choroiditis dis- 

^«eminata; only the denuded spots would not be so conspicuous. On 

the other hand, in certain cases, it would take on tlie appearance of 

retinitis pigmentesa, though in these cases, as the conducting elements 

. 6re not apt to be affected, there is, as a rule, but little or no defect in 

,Vision or field. Tliis form of inflammation usually Itegins in the 

liperiphery and progresses toward the posterior pole. In very early 

[Kfe we sometimes see a peculiar disturl»ance in the pigment layer, 

it consists of exceedingly minute spots, which look precisely as if 

le fundus had lieen jjeppered over with a very fine and intensely 

[black pepper. Such eyes have usually an intolerance of light, with 

flio perceptible or only hardly perceptible changes in the choroid or 

}tina. Occasionally, however, the general fundus has a faded or 



2+6 



TEXT-BOOK OF OPHTHALMOSCOPY. 



waahed-oiit aspect, which gives a " pejtper-and-ealt " oliaracter to it.il 
Wliotlier tliese conditioiiH am a preliminary step to eome iillerior aixtT 
grave process, I have never been able to cleteniiine. This appearance! 
Boiiietimes, but not universally, is found in the fundus of growni peo-l 
pie. In some aethenopic eyes, even in those where there is no errorj 
of refraction, tliere ie a certain macerated appearance of the pigmen^v 
as if minute particles of it had been dislodged from their resting-place ■ 
and carried along witli a current and deposited where they did not 1 
belong. Thus, we often see in the anterior portion of such eyes lon^l 
strii>s (if a more rarefied tissue, with the appearance as if the eolorin^l 
matter had " run," as we sometimes see it in a water-color. Also, atfl 
times, we find a granulated effect, as if tlie epithelial surface Itad been 1 
roughened, am) which was due, not to any inequalities in the vitrootuf 
lanuna, hut to a displacement and alteration of the cells of the layer I 
itself, as if, indeed, there had been a hyperplasia of cells, partly ol 1 
those hearing pigment, and i^artly of those whicli did not contain I 
coloring matter, and which gave a sort of roughened ajipoarance to , 
the fundus, like certain kinds of coarse cloth, TIds happens particu- 
larly in the region of the macula, where a httle cluster nf these foroia- 
tions may exist, which have the apiiearance of abi-asions of the surface. 
Such a condition ie not nsiially accom^mnied by any loss of viaioo..^ 
Besides these unformed and indistinct granular configurations there! 
are sometimes very minute spots of a pure yellovr color, not larger! 
than a pin-point, of which it is hard to determine whether they are in I 
the retina or choroid. These seem to have no effect upon the vision 1 
or tlie functions of the eye. They strongly suggest the fatty degenera- 1 
tion which, according to Wedl, may also occur in the pigment cells of I 
the epithelial layer, but their true nature is not yet determined, ftt 1 
least to my knowledge. In serous choroiditis this striped and roogh-J 
ened aspect of the choroid is well marked, when the media i 
clear CTiongh to permit their examination. 

Atrophy iif the Pigment Layer. — If there may be an independeatS| 
hyperplasia of the cells of tlie pigment layer, there is no reason whj 
tliere should not be au idiopathic atrophy as well, which might exten<G 
over large districts, or the entire membrane, and might also contribute 
to that faded and washed-out appearance which the choroid pre 
as well in some diseases, as the result of senile degeneration. I k 
of no way, however, of determining such a condition with certaintjKi 
Jaeger originally apj)lied the term " atrophy of tlie pigment 1 
to a very conspicuous ophthabnoscopic picture in which, through t 
atrophy, as alleged, of the epithelial layer, one was enabled to i 
plainly the 8tn>ma of the choroid, and the curves and anastomoaes 
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} choroidal 

;. 9T) represents such 
much more 

iiplex than a simple 

"(ipiiy of the pigment 
' epithelium, and that it 
comprises alw* atrophy 
of the chorio-capillariee 
and the email veagels, 
and alterations of the 
walls of the large ves- 
sels, probably <iiie to 
sclerosis. The outer, 
border of the atrophic 
patch is clearly detined, 
wliile above, and to the 
outer side, the inner 
lK)rder shows a delicate 
and transparent veil- Pjd ([3 

like extension, as if the 

atrophic process had not advanced to so great a degree as in other 
parte, Imt sufficient to allow the larger vessels to be- seen through it. 
That the retina is also imphcated is shown by the fact that there was 
a central scotoma and a considerable reduction in vision, as well as 
the fact that tlie connective-tissue ring is obliterated. This condition, 
then, really is one of circumscrilted and non-exudative retino-choroi- 
L^ditJB, in which the outer layers of the retina, tlie epitlielial layer, and 

B finer vessels of tJie choroid are more or less atrophied. 
PerivtMculUii and Sclei'osia of the Choroidal Yesseh. — The con- 
dition of atrophy just described pennits us to see at times a compli- 
cation of the trouble which, in some cases, would api>ear to be due to 
perivasculitis, and in others to a sclerosis. In the case of perivascu- 
litis the walls arc much tliickened, as in a case reported by Dr. Knapp, 
in which tliere were floating oi>acities in the vitreous, staphyloma 
posterior, and supeiiicial ' atrophy of the choroid. Here the scarcity 
of pigment in the eye admitte<l of a thorough examination of the 
choroidal vessels, even where there was no atrophy. Some of the 
lajger vessels had sharply cut white margins, which were broader tlian 
what we see in eases of marked perivascuhtis ("Trans, American 
Opiith. Boc.," 1869, p. 120). Nettleship has also reported a case under 
tlie designation of "Central senile areolar choroidal atrophy," in 
wliich perivasciilitis of the vessels would apjwar to Ije well marked. 
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The patient was a man of sixtj' years old, whose sight had been! 
failing for twelve years, hut which had only decreased, in a marked 1 
manner, for the jiast four nionllis. In each eye there was a large area J 
of atrophied clioroid. which occupied the central region of tlie fundus J 
The drawing (t'ig. 64 ; see also chromo-lithograpli, Plate VII, Fig. \) 1 
is from the erect image of the left eye, and shows the large extent I 
and coinpleteneBS of the atrophy. The conspicuous thickening of tlie 1 
coata of the larger vessels is plainly seen, and it will he mitiecd that, I 
while the horders of the vessels ai-e lined witii white ta|ie-!ike strips, 1 




the cjiutre maintains its normal red color. The tine white vaecnlar ' 
hranches are vessels which have prohahly been completely ohliterated ' 
("Trans. Ophthal. Soc., United Kingdom," Vol. IV., p. 165). In 1 
Gclerosis of the vessels in contradistinction to jwri vasculitis, the entire-j 
diameter of the vessel has a yellowish-white appearance. The borders i 
of the vessels are not so sharply limited by white bands, and the Te»- i 
eels themselves are not increased so much in diameter, if at all, and f 
look like ordinary vessels, bnt of a lighter color. 

T/te Vitvi'im Lumlno. — Under certain conditions the inner snr- ' 
face of tlie lamina vitiva liecomes the seat of minute elevations, which 
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are uanally known se " colloid bodies," though their exact chemical 
constitution is not yet known. These excrescences are inncli more 
frequent in advanced life, as a senile manifestation, tlian in youth. 
These minute elevatious are nsually fonnd more frequently at the 
equatorial regions of the fundus than elsewhere, and are not infre- 
quently, however, situated at the region of the macula, and occasional- 
ly at the circumference of the nerve. Although these are the places 
of itredileetion. tiiey may lie found in other j>arts of the fundus, espe- 
cially along and beneath the course of tho larger vessels after some 
fomis of retinitis. Tliey may vary much in size, from a Kinail light- 
colored body, which can Iiardly be recognized with tlie mirror, to a 
well-foiroed projection as large as a millet-seed. They are usually of 
a light-yellow shade, and of a roundish shape, and are so closely 
studded together as to give a tessekted appearance to the portion of 
the fundus over which tliey extend. As a rule, tlie pigment layer 
does not seem to be much distnrlted, and the coloring matter is not 
collected to a perceptible degree iu the interstices of the neighboring 
Ixidies. It gives the general appearance as if, in growing, they had 
gently displaced the pigment layer to one side, or that the pigment 
layer immediately over their sunmiits had been absorbed by pressure, 
while that lying between them had not ])ro]iferftted to a considerable 
degree, though occasionally their lionudaries are accentuated by an 
increased degree of coloring matter. With the oj)hthalinoscope, in 
old people the fundus has a mottled appearance, and shows a play of 
light and shade under movements of the mirror, as if the surface 
Was slightly indistinct or roughene*3. These inequalities may occur 
after some forms of retinitis, esj^eeially those which attack the outer 
layers, and they are evidently the secondary result of the retinal 
disease, as they occur sometimes at die very end of the trouble, or 
even after all traces of the primary lesion have disapjieared. The 
fundus may then at times apjiear as if studded with fine drops or 
semi-transparent vesicles. In some forms of retinitis, especially when 
due to syphilis, these colloid bodies attain a considerable size, pven 
in young subjects, and are then gmnpod innnediatcly round the bor- 
der of the optic nerve, at the posterior pole, and at other regions. 
Under the title of " Syphilitic choroido-retinitis, with peculiar growths 
at the fundus," Mr. Lawson liaa given a remarkable case, wliich would 
appear to be of colloid origin. The peculiar and bead-like formation 
not only surrounded a jtortion of the circumference of the nerve, but 
also at a little distance from the disk penetrated the retina and pro- 
jected like a cluster of gra]ics into the vitreous (" TraiLs. Ophthal. 
Soc., United Kiugdom," Vol. III., p. 117). Microscopically, these ex- 
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creiicences appear to coaeiet of trauspurent elevations, wliieb have 
concentric eonBtniction, surrounded by a line nioro or less marked I 
will pigment. They Botnetiniet) project to a considerable degree into ] 
tliQ retina, and remain covered witli muueroua pigment cells. As ii 
shown by Alt, tliey may contain calcareous masses, and even true 1 
bony tissae, and thus, accoi'ding to the same author, these vitreotu J 
bodies may be tlie starting-point of osseous plates upon tlie inner sur- J 
face of the clioroid {" Lectures on the Human Eye," p. 135). It lias J 
not yet been determined what tlieir true nature is. The supposi- 
tion that they are really of colloid substance would not appear to ho ] 
borne out by either their consistency or tlieir reaction to chemical 1 
reagents. 

Irritaiioit. of the Choroid. — I am of the opinion that irritation of 1 
the choroid is a condition which may and does not infrequently t 
ill eyes which suffer from overwork or exposure, and which may J 
justly fall into the broad and, it must be adTuitted, very indetiilite I 
term of asthenopia, especially in those forms of asthenopia not de- I 
pendent on errors of refraction or muscular insufficiency, although J 
it may and frequently does coexist with them. The principal and J 
sometimes the only opiitliahnoscopic sign then manifested is situated 1 
not in the membrane itself, but at the disk. This irritation tliea 1 
manifests itself in a peculiar congestion of tlie surface of the disk, 1 
which 18 more apparent in the central portions of tlie papilla, in the j 
region of the connective-tissue string which surrounds the central I 
vessels. This congestion is in a plane posterior to the snrface of the I 
retina and in a plane with that of the choroid proper, and is marked I 
by a peculiarity which is distinctive of choroidal congestion, namely, I 
that the connective-tissue ring at the outer lx)rder of the nerve is not J 
obscured as in retinal irritations, hut is. as a rule, more conspicuous. .1 
The choroid proper is not usually affected, to a degree at least whick J 
manifests itself to the mirror. It usually preserves its normal appeais-f 
ance, and maintains that firm tone in contradistinction to that soft 1 
and hazy atmosphere wliicli it takes on in a more advanced state, and 1 
which may l>e designated as hy|>erieinia of tlie choroid. Exceptioi 
ally, however, the pigment layer may \ye implicated, and show that J 
washed-out and fade<i and streaky appearance, especially in the oate 
portions of the field, which ha« been already alluded to in discnseingfl 
the pigment epithelium. 

Ilyperfemiii of /he Choroid. — This may be hioked upon ae aaj 
advanced stage of irritation, in which there is actual overtilting orJ 
hyperseinia of the vessels of the stroma of the choroid. While admit- 1 
ting tliat hypenemia of the choroid must exirtt in many forma of eye- i 
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' disease, and that ttis may and often does uianifeet iteelf by tliat pe- 
culiar congestion of the disk and increased eonspicuouBness of tiie 
Connective-tissue ring, most ohjiervers deny the abihty to detect any 
evidence of hyperaemia of the choroidal vesaela in the membrane 
itself, though this has been done. 

H(Briutrr}iage into ths Clu/roid. — It is certainly very enrions that 
Itsemorrhage into the choroidal tissue is not often seen with the 
ophtlialmoBcope. It will be said at once that the reason is, that tlie 
epithelial layer prevents this, and that this l>arrier to furtlier penetra- 
tion of our view is also aided by the denseness of the vascular supply 
and tlie nature of the stroma. Admitting tliat this is true in some 
cases, there are surely enough eyes, where the epithelial layer is want- 
ing and where tlie vessels are plainly eeeu, as in blondes, espei-iaily at 
the periphery of the tield, in which extravasations ought to be plainly 
visible, especially as we not infrequently get a reflex even of tlie 
sclera. That such extravaHations are visible at times can not be 
doubted, but at the same time they do not occur as frequently as one 
would suppose in a menihratie wliich is made up of vessels, or as they 
do in tlie retina, which is a tissue poor in blood-vessels. There must 
be soraetliing in the construction of the walls that prevents an easy 
rupture and an easy diapedesis. When the htemorrhages occur, they 
are said by some autliorities to be of a rounder shape than tliose which 
take place in the retina. This, however, is by no means always tlie 
case, as I have seen radiating extravasations even in the ehoroid- 
notably in one case — the result of a heavy blow and rupture of the 
anterior portion of the sclei-a. Strange to say, the media remained 
perfectly clear, and I could follow a rather profuse hemorrhage in 
the choroid from the anterior part of the field along tlie inner wall of 
the eye. This was linear in shape, and extended posteriorly nearly to 
the disk. It liad a somewhat subdued aspect, but could be differen- 
tiated plainly by its color from the rest of the fundus, and was evi- 
dently in the outer layer of tlie choroid. The diagnosis as to the 
hfemorrhage l>eing in the choroid, and not in the retina, is of course 
helped by the fact that the retinal vessels would pass over it, and can 
be seen to lie in a plane anterior to tliat of tlie extravasation ; and 
especially is this eoulirmed by the fact that paralactic displacement 
between the vessel and the haunorrhage can be obtained. With all 
caaea it is sometimes very difficult, if not impossible, to tell whether a 
hffimorrhage is in the inner layers of the choroid or the outer layers 
of the retina, or in both. Should this occur in tlie posterior pole of 
^e eye, a diagnosis may be inferred at least, by the determination of 
ifae vision, and especially by the presence of a scotoma when the 
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hBemorrliage is iu the retina, and the absunee vf tln.'w wlien it is in ' 
the choroid. * 

Serous Oln/roiditia. — Serous tntlanimationB of the uveal tract, such 
as serous iritis and aerous trboroiditin, are usually acconijmnied by 
opacities on the posterior surface of the cornea, and in the media 
themselves, to such a degree that the fundus is usually hidden from 
view. This is particularly so with serous choroiditis, so that the 
ophthalmoscopic signs in tiie early stages of the disease are rarely — it 
may be said never — seen, except iu the very moderate forms, when the 
appearances are simply those which have been described as sometimes 
occurring under hyperemia of the choroid. When, however, the 
acute stages have passed, and the media become clear enough to per- 
mit au examination, the fundus is found to have undergone extensive 
changes of an ill-defined but perfectly recognizable character. There 
are uo wetl-deiined spots of exudation or atrophy, surrounded by rings 
of blackened pigment, as occurs in parenchymatous choroiditis ; but 
the choroid presents a macerated appearance, with a rarefaction of 
the tissue, which i§ very expressive of tlie disease, with large areas of 
faded, washed-out tissue, upon which are small dots and long streaks 
of dnet-like accretions of pigment. This fakes place especially in the 
anterior portions of the eye, and is then pri)l>ably due to propagation 
from the iris and ciliary region. It may also occur, however, at the 
posterior pole, or indeed in any ^mrt of tlie fundus. It is found most i 
frequently with specific troubles, and then may be accompanied by a ' 
low form of retinitis, in which the borders of the nerve are obscured. 
There is also apt to be a light mist-like opacity in the posterior part , 
of the vitreous, with dust-like aggregations, aiiU tlie trouble under 
this mixed condition may be fairly called a chorio-retinitis serosa, 
Yieion is apt, in this form of disease, to be much affected ; it is also 
apt to recover and relapse fretjuontly, ratlier suddenly passing from 
a fair state of vision to a very high degree of amblyopia. Serous 
choroiditis may lead to separation of the retbia detachment of tiie vit- 
reous and glaucoma, and to it may be attributed that faded and irri- 
tated air that the fundus so often wears in chronic glaucoma, or as 
secondary results after acute attacks. 

Microscopically, according to Alt, the serous exudation is mostiy 
found inward from the choroid, between the lamina vitrea and the 
pigmented epithelium, or between this latter and the retina, or be- 
tween this again and the vitreous. There may be, also, small round, 
or oval cavities in the outer granular layer of the retina, filled witJi a J 
sero-fibrinous fluid, due directly to disease of tiie choroid before a 
secondary affection of the retina can he develo|)ed (" I^fictures on the I 
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Human Eye," p. 120). The position of the fluid in the innermost 
layer of the choroid and epitlielial layer, would account for the soft 
and out-of-focus look that the fundus has in hyj^entmiia and serous 
troubles of the uveal tract. 

Plastic or Fthnnoun Choroulitls. — This comprises all the various 
forms of choroiditis which, from clinical appearances, have been di- 
vided into choroiditis disseminata or exudata, areolaris centralis, and 
atrophic ; and, when associated with retinitis, they are further desig- 
nated as chorio-retinitis disseminata, etc. They all l)elong, however, 
to o'ne class anatomically. 



Note. — This finislies all the material left by Dr. Loring. with the exception of a 
few notes on Glioma of the retina, which were too blurred to l)o deciphered and too 
fragmentary in their nature to ho available. The reader may have also noticed that 
in the earlier parts of the book the refraction has been expressed in the inch system, 
while in the latter the metric has been used. This is due to the fact that it was 
written at different times, when the two systems were in vogue ; and I have let them 
both remain, first, because the student can convert them for himself at a glance, 
and, second, because what is true in largo things holds good in small, and it has been 
my one aim and object to present this work, as far as possible, exactly as the author 
left it. — Editob. 



PLATE I. 

Fig. 1. Phlebitis, — The attack came on suddenly, after Tomitmg^ 
from an overdose of quinine. There was no pain, or other sabjectiTe 
symptom ; slight blur in upper field of vision, V = 1. There was A 
quadrant of field scotoma, which was thin and gauze-like, but the actual 
loss of vision was only at the periphery of the field where the dark shad- 
ing is. (See text, page 7.) 

Fig. 2. Anastomosis of Vessels, — This presents not only an anasto- 
mosis of the vessels, but what would appear to be a localized collateral 
circulation. It occurred in a young man who was suffering from retini- 
tis syphilitica. There is an extensive haemorrhage, which nearly covers 
the entire disk. In the upper and outer field there is a large yellowish- 
white plaque, over which runs a mesh of vessels, which evidently com- 
munic-ate with each other. There is no elevation of the surface, and the 
plaque is in all probability the remains of a blood-clot which was in the 
process of vascularization. (See text, page 39.) 
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PLATE rir. 

Fig. 1. Embi>H»m. — This figure represents the same eye, some six 
weeks after the attack. As will be seen, the vessels have graduuilT di- 
minislii^d iintt! the secondary branches have in some places faded away, 
or have become of thread-like ihinnttss, while along the principal branches 
loagitudinal white bands are formed, and there is a hyperplasia of con- 
nective tisane in and around the nerve, which together with the retina is 
passing into a state of atrophy. In two places a thread-like vessel can 
be followed from one of the larger branches of the upper and tower 
veins for a considerable space, when it very rapidly increases in size for a 
short distance, to become again suddenly filiform and then untraceable. 
As the rest of the veasels are either empty or nearly so, these distended 
portions are in all probability blood-coagtila within the walls of the ves- 
sels. {See text, page 83.) 

Fig. 2. Embolmn. — In this case the retinal vessels, neither veins nOT 
arterie-s, show any marked deviation, either in size or course from tbe 
normal, except that the " light-streak " is reduced in brilliancy, and near 
the disk is entirely absent. From the outer edge of the disk, however, 
straight out to and including the macula, there runs a gniyish-wblt« 
patch, whii^h has the appearance of a dense exndation into the nitinft. 
The position of the yellow spot is marked by a perfectly circular bright- 
red spot. Through the centre of the effusion, from the edge of Ebe 
disk to the red spot at the ma^'ula. runs a small vessel, which ia prob- 
ably simply an increase in size of a pre-existing vessel. (See text, page 
64.) 
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PLATE IV. 

Fig. 1. This figure represents the sRnie case n month after the attack d 
the exudation 'has been gradually absorbed, while, in the region of thd 
maenla, spots, which appear to be due to fatty degeneration, begin t 
make their appearance : and the vessels, from having tlieir normal cali*fl 
br'e, gradually fall away in size, while longitudinal white bauds begin toB 
develop themselves along their larger branches, and a general atrophi<^ 
condition has taken place. (See text, page 66.) 

Fig. 3. Retinitis Albuminurica. — This figure shows a caae that 1 
passed from a state of simple retinitis to that of a neuro-retinitis. Aboud 
the papilla are large yellow masses arranged in a circnlar form, bat at i 
little distance from it. (See text, page 147.) 



PLATE V. 

Fig. I represents a myopic eye, in whicli there haa been an attack of I 
that form of rotinitia, at the macula, which seems not only to be in the j 
outer layers of the retina, but also in tho pigment layer itself — a sort of ] 
hypertrophy of the pigment cell, which shows itself by a colieAtion of j 
pigment at aud around the fovea, accoinpauieJ by few or no other in- 
flammatory symptoms. (See text, page J39.) 

Fig. a. This figure shows a caee of retinitis, in which the small cen- 
tral spot at the fovea was surrounded hj a circle of still more minute 1 
spots, wliich gave a glittering reflex, as if they were due to some lustnma 
sul)stance. (See text, page 110.) 




PLATE VI. 

Fig. I. fie/iiii(is Puiiclata Albescens. — Taken from a young wor 
of twenty-five years. This shows the characteristic spots, and also 
absence of any other active inflammation. (See text, page 143.) 

Fig. 2. Syphilitic Relinifis. — Tliis represents a case of syphilitic 
retinitis occurring in a young man of thirty years. Tlirough the atro- 
phy of the epithelial layer the fundus has acquired the appearances of a 1 
dtlfuse choroiditis, with marked changes in the pigment and stroma. > 
The sketch at the bottom shows the development of flecks of pigment, ,j 
which differ from those of retinitis pigmentosa, as they do not have the j 
characteristic bone- corpuscle ahape. (See text, page US.) 



PLATE VI 
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PLATE VII. 

Fig. 1. Central Senile Areolar Chomidal Atrophy. — This is from I 
case reported by Ncttleship, of a mau sixty yeara old, whose sight 1 
been failing for twelve years, but which had only decreased in a marked 
manner for the paat four months. In each eye tliere was a large area o 
atrophied choroid, which occupied the central region nf the fundua.1 
The drawing is from the erect image of the left eye. The disk is situ-T 
ated on the nostil border of the dideueed area. Over tlie nasal portion o 
the area the atrophy is complete, only a few white lines seen against thol 
slightly gray background remaining to indicate obliterated hlood-vesse" 
Toward the temporal side the atrophy becomes gradnally leas marked^ I 
and on this part very conspicuous thickening of the coats of the largaa 
vessels is noticed — a change wliich no doubt passes on to their Gompletel 
obliteration. The diseased area is aliarply defined everywhere, except atl 
the extreme outer part. The choroid bounding its lower border is dark-rT 
ened, possibly by capillary congestion, but with tliis exception there i»l 
no evidence of inflammation preceding the atrophy; nor is there anyT 
accumulation of pigment. The first change seems to be the disappear-^ 
ance of the ohorio-capillaris ; this is well seen at the night-hand lowers 
part of the drawing, whcr^, although the large vessels show as yet butT 
little change, the limit of the disease is marked by the sudden ceasatiow 
of the "stippled" appearance produced by the epithelial and capillatyl 
layers. Tiie disk shows no marked change, and the retinal vessels Knm 
normal. {See text, page 248.) 

Fig. 2. Choked Disk. — This is a drawing by Dr. Eno, and represents 
the fundus of an eye in a case of choked disk from tumor of the bnun. 
The tortuosity of the vessels is well shown, and also the protuberance oti 
the he-ad of the nerve — the refraction at the disk, as measured by the^ 
ophthalmoscope, being -+- 3.5 D. (See text, page 195.) 
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Abscc»8 of the brain, 210. 
Agnew, Dr. C. R., 7r>. 
AinaiiroriiSf uitemic, 151. 
Amblyopia in diabetes, ir>2. 
AnastomosiB of the retinal TersselA, 8)^. 
Ansemia and atrophy, discrimination be- 
tween, 118. 
efTcet of, upon the color of the blood, 17. 
of the central vessels, 111. 
effect of. 111. 
frequency of, 1 1 3. 
of the retina, 84. 
pernicious, 110. 
chanf^s in the background of the eye 

in, 115. 
color of the blood in, 1 G. 
poBt-mortem appearances of the eyes in, 

116. 
retinitis of, 119. 

tendency to hiemorrhage in, 1 1 5. 
simple, 114. 
changes in the blood produced by, 114. 
Aneurism, traumatic, of the central artc>ry, 46. 
Aneurisms, on retinal ves.*«elH, 44, 45. 
Arteries, condition of, in i.^elucniia of the ret- 
ina, 56. 
decrea.«*e in the diaincter of, MK 
effect of pressure upon, 1. 
in cyanosis bulbi, 106. 
anomalii^s of, 107. 
increa.He in the diameter (jf, 9. 
Artery, embolism of a branch of the central, 
69. 
embolism of the central, 59. 

variations in the symptoms of, 59. 
partial. 67. 

ophthalmic signs of, iw. 
thrombosis of tho central, 92. 
Atrophy, discrimination hotwoen ansemia 
and, 118. 
gray, 217. 
nerve, produced bv irritation of the retina, 

122. 
of the disk, the light-streak in, 24. 
of the optic nerve, 212. 
causes of, 225. 
color disturbances in, 224. 
conseciitive, 221. 

effect of white, upon the color of the 
veins, 18. 

18 



Atrophy, effect upon vision, 223. 
forms of, 212. 
from cerebral disease, 220. 
fnim orbital disease, 227. 
microscopical characteristitis of, 222. 
ophthalmoscopic appearances in, 218. 
primary, 215. 
retinal, 222. 
secondary, 220. 
of the pigment layer in posterior staphy. 

loma of the choroid, 246. 
of the retinal vessels, 117. 
Asphyxia, color of the veins in, 1 7. 
retino-choroidal, the light-strcak in, 23. 

Blindness in ischemia of the retina, 57. 
cause of sudden monocular, 97. 
sudden from embolism, 78. 
Blondes, color of the blood in, 14. 
Blood, changes in, produced by simple au»- 

mia, lit. 
changes in the color of, in retinitis, 130. 
color of, in blondes, 14. 
color of, in brunettes, 14. 
color of, in cyanosis bulbi, 16, 107. 
color of, in emphysema, 16. 
color of, in pernicious anaemia, 16. 
color of, in pleurisy, 16. 
color of, in pneumonia, 1 6. 
color of, in relation to the light-streak, 

21. 
col(>r of, in separation of the retina, 172. 
development of haemorrhages fnini dete- 
rioration in the richness of, 1 14. 
effect of amvmia upon the color of, 17. 
effect «)f anaemic and hydiwmic, u|H)n the 

walls of the vcs.'iel.s, 1 14. 
effect of chlorosis uj)on the color of, 1 7. 
effect of inflammation of the retina upon 

the color of, 1 27. 
effect of the i)erpendicular diameter of the 

vessel upon the color of, 15. 
variations in the color of, 13. 
Brain, abscess of, 210. 
neuritis from affections of, 2 It), 
softenimr of, 210. 
tumor of, 210. 
Bright's disease, dooreaxe in the diameter of 

the arteries m. In. 
huMUorrhages in, 149. 
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Bninettet^, color of the blood in, 14. 

Bulb, cyanosis of the. (See Cyanosis 

BCTLBI.) 

Burnett, Dr. S. M., 142. 

Chlorosis, effect of, upon the color of the 

blood, 17. 
Choroid, changes in the, in f^plenic retinitis, 
155. 
effect of glaucoma upon, 2S2. 
hemorrhage into, 251. 
h^'perseroia of, 250. 
in-itation of, 250. 

perivasculitis of the vessels of, 247. 
posterior staphyloma of, 235. 

atrophy of the pigment layer, 246. 
changes in the epithelial layer, 244. 
congenital, 238. 
effect upon the retina, 243. 
effect upon the vessels, 236. 
effect upon the vitreous, 243. 
hsemorrhages in, 239, 248. 
microscopical changes in, 244. 
pigmentation in, 236. 
progress of, 287. 
stationary, 241. 
sclerosis of the vessels of, 247. 
thickening of the, in sclerosis of the retina, 
156. 
Choroiditis, metastatic, 163. 
plastic or fibrinous, 263. 
serous, 252. 
Circulation in the retinal vessels, peculiari- 
ties of, 53. 
visible in the retinal vessels, 62. 
Colloid bodies, 249. 
Commotio retinje, 1 74. 
Cramp of the vessels, 57. 
Cyanosis bulbi, 106. 
arteries in, 106, 107. 
color of the blood in, 16, 107. 
the skin in, 106. 
veins in, 106, 

veins of the fundus in, 107. 
Cvsts of the retina, 177. 

Dazzlinir of the retina, 17H. 
Delafiold, Dr. R, 7.^. 
Derbv, Dr. XL, 239. 
Derby, Dr. R. II , 57, 204. 
Detachment of the retina ; (see retina, sepa- 
ration of). 
Diabetes, amblyopia in, 152. 
Diapcdesi.s, hu'iuorrhaires from, 1 14. 
Dilatations of the ves.>*els, 42. 
Disk, blanehinjr of the optic in embolism, 70. 

bluish discoloration of, 218. 

choked, causes of, 198. 

cause of inend)ranous fonnaticms, 167. 

visual disturbances in, 196. 

etTect of inflatnniation of the retina upon, 
1 26. 

effect of irritation of the retina upon, 120. 

effect of neuritis upon, 18.'>. 

effect of pivssure ujwn, 4. 



Disk, flushing of the, 106. 
gray discoloration of, 217. 
green discoloration of, 218. 
hyperemia of, 106. 
in capillary hypersBnna, 101. 
in diffuse retinitis, 133. 
in glaucoma, 229. 
in splenic retinitis, 154. 
injection of the, 4. 
light-streak in atrophy of, 24. 
oedema of the, in perivasculitis, 29. 

Embolism and thrombosis, capillary, 71. 
differential diagnosis between, 93. 
blanching of the optic disk in, 70. 
capillaiy, 163. 

changes of the vessels in, 60. 
changes in vision in, 68, 70. 
condition of the arteries in incomplete, 10. 
microscopical examination in, 65. 
GPdema at the macula in, 61. 
of the central artery, 59. 

|)artial, 67. 
of a branch of the central artery, 69. 
effect on vision, 70. 
partial, ophthalmic signs of, 67. 
variations in the symptoms of, 59. 
progress of, 63. 
sudden blindness from, 78. 
velocity of the blood-current in, 62. 
vision in, 64. 
Embolus, visible to the ophthalmoscope, 68. 
Emphysema, the color of the blood in, 16. 
Excavation, atrophic, of the nerve, 219. 
glaucomatous chamcteristics of, 227. 
glaucomatous, lamina cribrosa in, 228. 
extended hflpmorrhagic, 109. 
Extravasation in inflammatiou.s of the retina, 

125. 
Exudations into the retina, 127. 
Eye, arterial pulsation in the, in disease of 
the ht^art, 49. 
arterial pulsation in normal, 48. 

effects of pressure upon, 1. 
changes in the background of the, in per- 
nicious anipmia, 116. 
diagnostic value of arterial pulsation in, 51. 
effect of blows upon, 176. 
microscopical api)carances of, in throu)- 

bosis, 75. 
microscopical ^examination of, 66. 
post-morteui appearances of, in perni- 
cious anaemia, 1 1 6. 
Eyeball, diminution of the tension in, 9. 
Eyes, myopic, retinitis in, 138. 

Fovea, spots at the, 140. 
Fundus, effect of irritation of the retina 
upon, 121. 
in inflammation of the retina, 125. 

Cilaiiwma, 38, 227. 

effect upon tlie choroid, 232. 
effect upon visi<m, *J33. 
effect upon the verisels, 230. 
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GUuooma, narrowing of the arteries in, 12. 

occurrence of, 233. 

ophthalmoscopic appearaiiced in, 229. 

the disk in, 229. 
Olaucomatoud excavation, characteristics of, 
*'27 

lamina cribrosa in, 228. 

Hemorrhage from retinal vessels, 107. 
causes of, 1 10. 
effect of, 110. 

in the reidon of the macula, 108. 

in thi-ombosis of the central vein, 89, 90. 

into the choroid, 251. 

into the Pial shi-ath of the optic nerve, 99. 
ophthalmoscopic appearances in, 99. 

into the sheath of the norve, 97. 

post-mortem ap|)eiirances, 98. 

near the nerve, 1 08. 

pi<:ni^cnt resultinj; from, 1;J9. 

tendency to, in pernicious amemin, 115. 

tendency to, in splenic retinitis, 1.15. 
Haemorrhages, devi^lopment of, f n)m deterior- 
ation in the richness of tiie blood, 1 14. 

effects of ref>eated, in the retina, 16G. 

from diapedesis, 1 1 4. 

in Bright's disease, 1 19. 

in diffuse retinitis, 183. 

in posterior staphyloma of the choroid, 
239, 243. 

in septic retinitis, 166. 

reabsorption of, 110. 

retinal, 71. 
Harlan, Dr. G. C, 31, 32. 
Heredity in myopia, 242. 
Hydrocephalus, neuritis fn)m, 209. 
Hydrops of the sheatli, 201. 
Hypertemia, atonic, 103. 

capillary, 101. 

the disk in, 101. 

the papilla in, 101. 

collateral, 103. 

from reduced intraocular tensi(m, 107. 

neuro-paral ytic, 1 < >."i. 

of the central svstein, loO. 

curvature of the vessels in, 101. 

of the ciioroid, 250. 

of tile disk, 105. 

6ta.sis, 102. 

the arteries in, 102. 
the papilla in, 102. 

Inflammati(m in walls of vessels, forms of, 34. 

of the optic nerve, 182. 
Inflammations of the retina, extravasations ! 

in, 125. 
Infiltration, chalkv, of tlie walls of the ves- 
sels, 3:i. 

purulent, into the rotina, 128. 
Irritation of the chon»id, 25n. 

of the optic nerve, 180. 

of the retina, 120. 

of the scleral region, 181. 

retinal, 102. 
Ischaemia of the retina, 56. 



Knapp, Dr. H., 27, 1(\ 107, 210, 247. 

Lamina cribrosa, in glaucomatous excava- 
tion, 228. 
Lamina, the vitreous, 248. 
Li^^ht-streak, absence of, in inflammatory 
conditions of the eye, 23. 
absence of, in separation of the retina, 22. . 
as a ^ign in differential diagnosis, 22. 
changes in the, upon the centre of the ret- 
inal vessels, 20. 
eflfect of changes in the size of the ves- 
sels upon, 21. 
eflfect of pressure upon, 3. 
eflfect of retinitis ])ignientosa upon, 23. 
in atrophy of the disk, 24. 
in retino-choroidal atrophy, 23. 
variations in the intensity of, 21. 
Lipu^niia, intraocular, 18. 
changes produced in the vessels by, 19. . 

Macula, changes at the, in renal retinitis, 
148. 

changes in the, in diffuse retinitis, 133. 

haMHorrhagc in the region of, 108. 

a?deina at the, in embolism, 61. 

pigmented change at, 140. 
Meningitis, neuritis from, 208. 
Menopause, neuritis at, 2o7. 
Mittendorf, Dr. W. F., 68. 
Moore. Dr. W. ()., 106. 
Myopia, heredity in, 242. 

Xnevi, 43. 

Nerve," optic, atrophic excavation of, 219. 
atrophy of, 212. 

causes of, 225. 

color disturbances in, 224. 

consecutive, 221. 

efTect upon vision^ 223. 

forms of, 212. 

from cerebral disease, 220. 

from orbital disea>e, 227. 

microscopical eharaeteristics of, 222. 

ophihalmoseopic appearances in, 213. 

primary, 215. 

retinal, 'J 2 2. 

secondarv, 220. 

eflfect of irritation of the retina upon, 

eflfect of section of the cer\'ical sym- 
pathetic, 103, 106. 

haimorrliage into the sheath of, 97. 

haemorrhage into the Pial sheath of, 99. 

ha>niorrha2:e near, 108. 

inflammatitm of, 182. 

irritaticm of, 180. 

piirmentation of, 234. 
Neuritis, 182. 

at the menopause, 207. 
cause of membranous formations, 167. 
causes of mihler form? of, 203. 
ditferential diagnosis in different forms 

of, 196. 
effect'of, upon the disk, 1 85. 
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Neuritis from affections of the brain, 210. 

from cerebral disorders, 208. 

from congenital influences, 204. 

from hereditary influences, 204. 

from hydrocephalus, 209. 

from meningitis, 208. 

from orbital disease, 211. 

from spinal disease, 210. 

gra\'er forms of, 186. 

in uterine disorders, 205. 

retro-bulbar, 199. 

retro-bulbar, effect upon the vessels, 200. 
seen in the mirror, 200. 

rheumatic, 207. 

simple, 188. 

syphilitic, 207. 
Nitrite of amvl in iscliscmia of the retina, 

67. 
Noyes, Dr. H. D., 68, 162. 

(Edema, acute, into the retina, 79. 

at the macula in embolism, 61. 

of the retina, 77. 
Ophthalmitis, purulent, 163. 
Opthalmoscope, embolas visible to, 68. 

thrombo.<is, as seen with, 73. 
Optic nerve. (See Nerve, Optic.) 
Orbit, neuritis from disease of, 211. 
Oxaluria, 153. 

Panophthalmitis, eml)o]i?, 162. 
Papilla, changes of the, in retinitis albumi- 
nurica, 150. 

effect of pcrivuseulitis upon, 29. 

in capillary hypenemia, 101. 

in splenic retinitis, li)4. 

in stasis hvpenemia, 102. 
Papillitis, causes of, 198. 

thc(>ries concerning, 198. 

differential diagnosis of, 149. 

niicroseopieal clianj^es in, 191. 

retroj^ressive changes in, 189. 
Perineuritis and hydrops of the sheath, 

2(»1. 
Perivasculitis, 27. 

analogy to paralytic affections of the ncrve- 
eeiitres, 28. 

effect of, upon the papilla, 29. 

effect of, upon the vessels, ',iO. 

in sclerosis of the retina, 157. 

niicToscopical appearances of, 29. 

Xagel's description of, 27. 

of the elioroidal vessels, 247. 

o'deina of the disk in, 29. 

ophthaliin)seopie appearances, 31. 

thickming of the retina in, 29. 
Phlebitis, S7. 

Pigment, i-hanges in the, in sclerosis of the 
retina, !.')(», 15S. 

degenrration of, !<»(>. 

resulting from h{en)orrharce, l'6\K 
Pigmentation of the optie m-rve, 2:U. 
Plemisy, the color of the !)lood in, 10. 
Pnrununiia. the color of the blood in, \i\. 
Pulsation, arterial, IS. 



Pulsation in the eye in disease of the heart, 
49. 
diagnostic value of, 51. 
in the normal eye, 48. 

effects of pressiire upon, 1. 
in retinitis, 129. 

Quinine, effect of an overdose of, 7. 

Refraction, effect of irritation of the retina 

upon, 122. 
Retina, the, 1. 
acute oedema into, 79. 
anaemia of, 84. 
blindness in ischsemia of, 67. 
condition of arteries in, 66. 
cysts of, 177. 
dazzling of the, 178. 
diffuse retinitis of the outer layers of, 

134. 
diminution of the quantity of blood in, 

18. 
effect of blows upon, 174. 
effect of posterior staphyloma of the cho- 
roid upon, 243. 
effect of repeated haemorrhages on, 166. 
extravasations in inflammations of, 126. 
exudations into, 1 27. 
fine strings in the, 161. 
increase of blood in, 13. 
inflammations of the, 124. 
changes in the vessels, 126. 
condition of the arteries in, 11. 
effect of, upon the color of the blood, 

127. 
upon the disk, 126. 
upon the red coipuscles, 17. 
tiie fundus in, 125. 
irritation of, 120. 
causes of, 123. 
effect of, upon the disk, 1 20. 
upon the fundus, 121. 
upon the nerve, 121. 
upon the retina, 12 . 
upon the vessels, 122. 
upon the vision, 122. 
nerve atrophy produced by, 122. 
sthenic forms of, 12 J. 
iseha'mia of the, 56. 

nitrite of amyl in, 57. 
(ledenia of, 77. 

purulent infiltration into, 128. 
reduction of the quantity of blood in, 13. 
result of limite«l inflammation of, 7. 
rupture of. 177. 
sclerosis of, 155. 

appearance of the vessels in. 157. 
changes in the pigment in, 156, 158. 
narrowing of the field of vision in, 159. 
perivasculitis in, 157. 
piirment in, 158. 

thickening of the choroid in, 150. 
thickeniu;: of il)e vessels in, 150. 
separation of, 109. 

absence of the light-streak in, 22, 
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Retina, separation of, appearance in the 

mirror, 169. 

cause of, 169. 

color of blood in, 1 72. 

degrees of, 170. 

effect of long t^tanding, 170. 

ophtlialmoi4i*opic appeaiaiicci* of, 17:{. 

vessels in, 172. 
spoutaneous reuttacliment of, 1 74. 
thickening of the, in perivasculitis, 29. 
Retinitis, changes in the color of the blood 
in, 130. 
changes in the macula lutea in, 133. 
changes in the vei^sels in, 129. 
effect of, upon the \'eius, 18. 
effect of, upon the vessels, 138. 
in myoi)ic eyes, 138. 
occurring in elderly people, 137. 
in the region of the y«llow .spot, 1 38. 
of pernicious ameniia, 115. 
prognosis in, 129. 
pulsation in, 128. 

resembling that of Brighfs disease, 136. 
vision in, 130. 
Retinitis albuminuria, 117. 

changes of the papilla in, 150. 

retrogression of, 150. 
circumscribed, 185. 

of the outer lavers, 137. 

forms of, 136. 
diabetic, 152. 
diffuse, 132. 

disk in, 133. 

haemorrhages in, 133. 

microscopic characteristics of, 1 34. 

of the outer layers of the retina, 134. 

vessels in, 132. 

vision in, 134. 
ba^morrhagica, 125. 

peculiarity of, 143. 
hsemorrhagica or apoplectiea, 142. 
nephritic of pregnancy, 151. 
pigmented and non-pigment ed, 155. 
pigmentosa, differential diagnosis of, 160. 

effect of, upon the light-streak, 23. 
proliferans, 166. 
punctata albescens, 141. 
relapsing, central, HI. 
renal, 147. 

changes at the macula in, 148. 
septic, 161, 

apiHjarance of the eye in, 164. 

diagnostic marks of, 164. 

hasmorihages in, 165. 

milder forms of, 16.'). 

suddenness of the attack of, 164. 
splenic, 153. 

changes in the choroid in, 155. 

the disk in, 154. 

effect of, upon the vessels, 20. 

the papilla in, 154. 

tendency to hiemorrhage in, 1 55. 

tortuosity of the vessels in, 154. 
syphilitic, i44. 

change to chorioretinitis, 145. 



Retinitis, .«(yph!litic, vision in, 146. 
Rupture of the retina, 1 77. 

Sands, Dr. H. B., 97. 
Scleral region, iriitation of, 181. 
Sclerosis, non-pigmented, 161. 
of the choroidal ves.sels, 247. 
of the retina, 155. 

appearance of the vessels in, 1 57. 

changes in the pigment in, 156, 158. 

narrowing of the field of vision in, 159. 

periva>culitis in, 157. 

thickeumg of the choroid in, 156. 

thickening of the vessels in, 156. 
of the vessei.H^ 25. 

ophthalmoscopic appearance of, 26. 

resulting from intlaminations, 27. 
of the walls, 25. 
Sheath, perineuritis and hydrops of, 201. 
Sinuses, thrombosis of, 210. 
Skin, color of the, in cyanosis bulbi, 106. 
Softening of the brain, 210. 
Spinal disease, neuritis from, 210. 
Spots at the fovea, 110. 
Staphyloma posterior of the choroid, 236. 

atrophy of the pigment layer, 246. 

changes in the epithelial layer, 214. 

congenital, 238. 

effect upon the retina, 243. 

effect upon the vessels, 236. 

effect upon the vitreous, 243 

hiemorrhages in, 239, 248. 

microscopical changes in, 244. 

pigmcntatiom in, 236. 

progress of, 237. 

Tbrr>mbosis as seen with the ophthalmo- 
scope, 73. 
capillary embolism and, 71. 
diagnostic mark of, 76. 
effect ujwn vision, 74. 
differential diagnosis between embolism 
and, 93. 
from uterine disorders, 93. 

ophthalmoscopic appearances in, 94. 
microscopical appearances of the eye 
in, 75. 
of the central arterv, 92, 
of the central vein, appearances of the 
optic nerve in, 88. 
appearance of the veins in, 88. 
degrees of, 88. 
hu'morrhage in, 89, 9«». 
micro.scopical appearances in, 91. 
of the central vessels, 72. 
of the sinuses, 210. 
Thrombus, effects of, upon the veins, 86. 
in the central vein, 85. 

post-mortem appearances of, 85. 
Tumors of the brain, 210. 

Vein, thrombus, in the central, 85. 

appearances of, in thrombosis of the 

central, 88. 
appearances of the optic nerve in, 88. 
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Vein, thrombus, degrees of tbrombosis of, 88. 
haemorrhage in, 89, 9i>. 
microscopical appearances in, 91. 

post-mortem appearances of a thrombus 
in the central, 85. 
Veins, cause of tapering of, 8. 

decrease in the diameter of, 9. 

dilatation of, 8. 

effects of a thrombus upon, 86. 

effects of pressure upon, 1. 

effects of retinitis upon, 18. 

in cyanosis bulbi, lUti. 

increase in the diameter of, 6, 103. 

of the fundus, in cyanosis bulbi, anoma- 
lies of, 107. 

variations in the diameter of, 7. 

varicosities in, 43. 
Vessel, signs of dit^case in a, 5. 
Vessels, anastomosis of the retinal, 38. 

anteniia of the central, 111. 

aneurisms of, 44. 

aneurisms on retinal, 45. 

api)earance of the in sclerosis of the retina, 
157. 

atrophy of the retinal, 117. 

cause of increase in length of, 12. 

causes of haemorrhage from retinal, 110. 

chalky infiltration of the walls of, 33. 

changes in the calibre of, 6. 

changes in the diameter and length of, 4. 

changes of, in embolism, 60. 

changes in the light streak upon the cen- 
tre of the retinal, 20. 

changes in retinitis, 126, 129. 

changes in the walls of, 24. 

circulation In the, in calcareous deposits, 
34. 

cramp of, 57. 

curvature of the, inhypenemia of the cen- 
tral system, 101. 

dilatntitms of, 42. 

effect of annf'niia of the central. 111. 

effect of glHUCoina upon, 230. 

effect of hoemorrhages from the retinal, 
110. 

effect of irritation of the retina upon, 122. 

effect of perivasculitis ufMHi, 3o. 

effect of posterior staphyloma of the cho- 
roid u|>on, 206. 

effect of retinitis upon, 138. 

effect t)f retro-bulhar neuritis upon, 200. 

effect of splenic retinitis upon, 20. 

freipiency of ameniia of the central, 1 13. 



Vessels, hajmoirhage from retinal, 107. 
increase in length of, 12. 
in diffuse retim'tis, 182. 
in separation of the retina, 172 
method of examining in calcareous de- 
posits, 34. 
of new formation, 85. 
anomalies in, 37. 
course of, 35. 
in glaucomatous excavations of the 

nerve, 86. 
in retinitis, characteristics of, 36. 
in the vitreous, 40. 
rarity of, 36. 
ophthalmoscopic appearance of sclerosis 

of, 26. 
peculiarities of the circulation in the reti- 
nal, 53. 
perivasculitis of the choroidal, 247. 
sclerosis of, 25. 
of the choroidal, 247. 
resulting from inflammations, 27. 
thickening of, in sclerosis of the retina, 
156. 
thrombosis of the central, 72. 
tortuosity of, in splenic retinitis, 154. 
visible circulation in the retinal, 52. 
Vision affected by absence of the catamenia, 
96. 
disturbances of, in choked disk, 196. 
effect of atrophy of the optic nerve upon, 

223. 
effect of glaucoma upon, 233. 
effect of irritation of the retina upon, 122. 
effect of thrombosis upon, 74. 
in diffuse retinitis, 154. 
in embolism, 64. 
in en)bolism, changes in, 68, 70. 
in retinitis, 130. 
in syphilitic retinitis, 146. 
narrowing of the field, in scleroris of the 
retina, 159. 
Vitreous, effect of posterior staphyloma of 
the ciioroid upon, 243. 
vessels of new formation in, 40. 

Wadsworth, Dr. 0. F., 48. 
Walls of vessels, forms of inflammation in, 
34. 
sclerosis of, 25. 
Webster, Dr. I)., 234. 

Yellow spot, retinitis in the region of, 138. 
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